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This invention relates to calculating machines 
of the type which is adapted to effect calculating 
operations of different types according to the 
four arithmetical rules, such as, addition, Sub 
traction, multiplication and division. 
Machines of such types have, heretofore, been 

devised but due to the limitations in construction 
they have not been entirely automatic in opera 
tion requiring the intervention of the operator to 
carry out succeeding machine Operations. 
The primary object of the present invention is 

to devise a calculating machine of the type de 
fined which will carry out the series of different 
calculations automatically and without the in 
tervention of the operator. Machines of Such 
type are primarily useful in Solving simple and 
complex equations. When the representation of 
the values involved are made in some sort of 
number setting or representing means, whether 
it be value keys, settable number devices, a per 
forated card or the like. While the invention has 
been disclosed in connection With a card Con 
trolled machie it can be readily applied to cal 
culating machines with manually Set number 
representing devices and the present form of in 
vention should be considered as merely illustrain 
tive and not restrictive. 
A still further object of the invention is to 

provide pre-set calculating control devices which 
determine which types of calculating operations 
are to be performed and the sequence in which 
they are performed. Preferably, a single calcu 
lating unit is employed; for effecting Subtraction 
and addition of Yalues represented on a plurality 
of card fields according to a preselection so that 
the algebraic Sun may be entered in an accumu 
lator; a single calculating unit to effect multi 
plication and; a single unit to effect division, 
wherein the results of all the calculations may 

A plurality of ? ? . 
keys, three in number are provided for each unit, 
each key being in a different row. Hence the 
Selection of a unit is effected by the depression 
of a key and its order of operation in the sequence 
is determined by which key in the three rows is 
depressed. 
A still further object of the invention is to pro 

vide a perforating means to punch the result of a 
calculation or a series of different calculations 
upon the card controlling the calculations and to 
perform this operation automatically and with 
out any attention of the operator, 

Digressing to the details of the various units 
comprising the machine it is a still further ob 
ject to devise an improved form of card feeding 

(C. 235-618) 
mechanism which is capable of feeding a card at 
its marginal edge and Without interference with 
the sets of brushes adapted to analyze the per 
forated card columns. 
The detachable brush units, which are a rela-, º 

tively important feature of the invention, con 
sist in each of a series of brushes adapted to be 
correlated with a card column. The brush units 
are positioned according to the controlling coln 
umns and they are similar in construction except 
for a brush unit of the units column of a field in 
Wolving a subtractive item. Where a change in 
construction is made to cause the entry of a 
tens complement in that order. 
A still further object of the invention is to 

provide an improved form of brush reading unit 
Which consists , of ara ei mitter correlated with a 
brush unit and adapted to transmit electrical in 
pulses at differential times depending upon which 
index point is perforated, or in other Words, which 
brush of a unit encounters a perforation. 
Another object of the invention is to provide 

a supplemental emitter capable of transmitting 
impulses at complementary times for the pur 
poses of subtraction. When employed in connec 
tion with the cross calculation unit. 
A still further object of the invention is to pro 

vide a plurality of accumulators for a dual pur 
pose, one of which is to receive the result of a 
cross calculation when a Subtractive item is in 
Wolved. In this case a negative condition of the 
accumulator is sometimes obtained and by in 
proved means this negative or complementary re 
suit is transmitted as a tens complement to the 
second accumulator by means of the negative 
emitter so that a true number is entered in the 
second accumulator. The Second purpose of the 
provision of a plurality of accumulators is to pro 
Wide an accumulator to receive a dividend entry 
in the operation of division while the quotient 
may be entered in the second accumulator in 
which a partial result is already entered or which 
may, or may not, receive the result of a subse 
quent type of calculation. 
A still further object of the present invention 

is to devise an improved form of card controlled 
multiplying machine adapted to multiply num 
bers under card control and preferably by the 
partials product method. 
Another object of the invention is to provide an 

improved form of card controlled dividing ma 
chine capable of dividing two values represented 
on a single card. 
Another object of the invention is to provide 

an improved form of cross calculating unit of a 
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construction considerably simpler than has been 
devised heretofore. 
Another object of the invention is to provide 

cycle limiting devices for each of the three units 
which eliminate idle cycles of the machine in se 
curing the ultimate result and initiate succeeding 
calculating operations automatically when the 
result of one calculation is secured. 
A still further object of the invention is to 

provide means whereby the cycle limiting device 
of the calculating unit last employed, or the first, 
if there is only one employed, causes the punch 
ing mechanism to be automatically rendered op 
erative, 
In connection with the punching mechanism 

it is an object to construct and devise an arrange 
ment which consists of a single line of punches 
shiftable to be correlated with a card column not 
being analyzed, in which case the same card is 
fed to the punches and analyzing means at the 
same time, differing from the prior art construc 
tion where the card is fed first to the analyzer 
and then to the punches. . 
The improved form of punching mechanism is 

entirely electromagnetic in control and operation 
and operates independently of the main oper 
ating mechanism. By the elimination of any 
cyclic control or cyclic Operation punching op 
erations ensue very fast and with almost lighting 
rapidity, the time limitations being only the re 
sponse of the control relays and punching mag 
netS. 
A still further object of the invention is to 

provide a punch limit control so that upon the 
punching of a preselected number of digits the 
machine operation will be immediately termi 
nated and whereby zeros to the right will not be 
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punched, since punching is initiated from the 
highest denominational order. . 
A still further object of the machine is to 

provide an electrical means to sense which keys 
in the different rows have been predepressed and 
to cause the automatic functioning of the se 
lected units, and in the order predetermined by 
the keys depressed. 
A still further object of the invention is to 

provide special keys, One a key designated "NB' 
and adapted to cause negative total transfer op 
erations and the other designated herein as a 
"T' key to cause automatic total punching oper 
ations when all three calculating units are not 
utilized in the performance of a composite cal 
culation. 
A still further object of the invention, espe 

cially in connection with the punching unit, is 
to provide means to cause the card feeding mech 
anism to feed the card step by step as digit 
punching operations ensue, 
A further object of the machine is to devise 

a means for checking calculations performed by 
the various calculating means so as to localize 
errors either in calculation or punching. By the 
improved arrangement the checking operation 
requires but a single result receiving means and 
the latter receives the result and controls the 
punching of the result of the first calculation 
after which it is cleared. Thereafter the same 
card controls the re-Calculation, the result of 
which is entered in the single result receiving 
means and which is then compared with the re 
sult recorded on the card. A non-comparison 
or lack of identity is signaled to the operator. 
The checking device operates rapidly and with 
Out cyclic operations requiring a minimum of 
extra time for checking purposes. 

2,224,774 
Coming now particularly to the consideration 

of the various calculating operations capable of 
being performed by the machine another object 
of the invention is to provide an arrangement 
whereby the machine can be utilized to perform 
repeated calculations of one type, or in combina 
tion. 

In the appended drawings and the following 
specification it is explained that the machine 
can perform the calculation of multiplication 
alone. Obviously by the selection of the divid 
ing mechanism the calculation of division may 
be performed alone and a similar statement foll 
lows for the cross calculation unit which causes 
addition and with or without subtraction. By 
the selection of three of these units the require 
ment of a universal tabulating machine is sup 
plied and an exemplary problem is described 
hereinafter in connection with such use. 
Warious other composite calculations may be 

performed and while a number of these have been 
described it is not the intention to be confined 
to these particular uses since by the skill of the 
operator other calculations can be performed. 
Among these is the possibility of cross algebraic 

calculation of One or more amounts when the 
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result is positive and utilizing this result as a 
multiplicand or multiplier value. This result is 
then multiplied by an amount represented on thc 
card which contains the representation of the 
values of algebraic cross calculation. 
The machine may also multiply two values and 

add to the resultant product one or more values 
either additively or subtractively. 
The machine may also divide two values and 

add to or Subtract from the quotient result one 
or more items. In this type of computation the 
quotient result enters as an item of cross cal 
culation. 
The machine may also divide two values and 

add the quotient result to a product which is 
the result of a multiplying operation. . . 
The provision of the separate calculating units 

and the calculation unit selecting devices pro 
vides a wide variety of calculating operations and 
permits of a rapid change in types of calculating 
operations, all of which will be obvious as the 
following specification is understood. 

Further and other objects and advantages will 
be hereinafter set forth in the accompanying 
specification and claims, and shown in the draw 
ings, which by Way of illustration show what is 
now considered to be the preferred embodiment 
of the invention 
In the drawings: 
Figs. 1, 2, 3 and 4 when adjacently positioned 

in the order 
Fig. 1, Fig. 2, 
Fig. 3, Fig. 4, 

represent the electrical wiring diagram of the 
machine. 

Fig. 5 is a longitudinal sectional view of the 
machine and is taken on the line 5-5 of Fig. 17. 

Fig. 6 is a CrOSS Sectional view taken at the 
right end of the machine and is taken on the 
line 6-6 of Fig. 5 and shows particularly the 
construction of one of the clutches and associated 
gear drive. 

Fig. 7 is a view in side elevation showing in 
detail the arrangement of the two clutches pro 
vided for the machine. 

Fig. 8 is a longitudinal sectional view and is 
taken on the line 8-8 of Flg. 7. 

Fig. 9 is a plan view showing part of the ana 

30 

40 

45. 

5 

55 

60 

65 

70 

75 



0 

s 

20 

25 

30 

35 

50 

55 

60 

70 

5 

2,224,774 
lyzing brush reciprocating frame and the gear 
driving connections to the card feeding mech 
anism. 

Fig. 10 is a sectional view of the card punching 
mechanism. 

Fig. 11 is a detail view of the driving Connec 
tions between the main drive and the card feed 
ing mechanism and shows the electromagnetically 
operated devices for feeding the card step-by 
step as card punching Operations are effected. 

Fig. 12 is a longitudinal sectional view of the 
card feeding mechanism. 

Fig. 13 is a view in side elevation of part of 
the feeding tape and one of the card picker dea 
WCeS. 

Fig. 14 is a detail view showing the construc 
tion employed to provide a card throat to pre 
vent more than one card from being fed out of 
the supply hopper at one time. 

Fig. 15 is a plan view showing part of the feed 
ing tape and one of the picker devices carried 
thereby, 

Fig. i6 is a transverse sectional view taken on 
the line 6- 6 of Fig. 5 and shows clearly the 
construction of one of the detachable brush units 
and the mechanism for causing the reciproca 
tion of the brushes. 

Fig. 7 is a front view of the assembled la 
chine. 

Fig. 18 is a view in side elevation showing the 
denominational shift device for the nultiplying 
mechanism. 

Figs. 18A and 18B are sectional views showing 
details of certain contact devices. 

Fig. 19 is a plan yiew of the mech2nism shown 
in Fig. 8. 

Fig. 209 is a sectional view take a on te line 
2-20 of Fig. 13. 

Fig. 21 is a view in side elevation of the elec 
tromagnetically operated step-by-step device 
utilized to deter nine the type of calculating op 
eration to be performed as the machine is oper 
ated. 

Fig. 22 is a Sectional view taker. On the line 
22-22 of Fig. 23. 

Fig. 23 is a view in side elevation illustrating 
the preferred form of rotary Switch utilized in 
connection with card punching operations. 

Fig. 24 is an enlarged sectional view taken om 
the line 24-24 of Fig. 17 and show the details 
of one of the accumulators. 

Fig. 25 is a plan view of part of a tabulating 
card shown perforated to control the various cala 
culating operations selected by Way of example 
and the punched result thereof. 

Fig. 26 is a transverse sectional view showing 
the construction of the pre-set calculating de 
termining keys. 

Fig. 27 is a sectional view taken on the line 
27- -27 of Fig. 35. 

Fig. 28 is a sectional view taken. On the line 
28-28 of Fig. 35. 

Fig. 29 is a view in side elevation taken on the 
line 29-29 of Fig. 5 showing the construction of 
the partials product multiplying mechanism. 

Fig. 30 is a sectional view taken on the line 
30-30 of Fig. 29. 

Fig. 31 is a sectional View showing the con 
struction of the card punching mechanism. 

Fig. 32 is a sectional view showing a portion 
of the construction of the partials product nul 
tiplying mechanism. 

Fig. 33 is a view in side elevation taken om 
the line 33-33 of Fig. 16. 

Fig. 34 is a view in side elevation showing part 

3 
of the mechanism utilized for effecting cross cal 
culating operations. 

Fig. 35 is a view in side elevation of the de 
nominational shift mechanism for controlling the 
division calculating Operations. 

Fig. 36 is a detail view of a special card ana 
lyzing unit used for the units denominational 
order in controlling negative amount entry Op 
erations. 

Fig. 37 is an end view of the machine taken at 
its left end as viewed in Fig. 5. 

Fig. 38 is a detail view of a transfer lock for 
one of the accumulators. 

Figs. 39 and 40 are diagrams illustrating the 
timing of certain cams employed for controlling 
electrical contacts. 

Figs, 41-50 inclusive are diagrams of the plug 
board illustrating the plugging connections made 
and the manipulative devices operated for differ 
ent calculating operations. 
The power for operating the various mecha 

nisms of the machine is derived from an elec 
trical motor fi (Figs. 3 and 5). In Order to 
initiate the operation of the motor and cause it 
to operate continuously until Subsequently 
stopped, there is provided a start key (Figs. 1. 
and 5). 

Electrical power for the machine is provided 
by a direct current supply D. C. which is Sup 
plied to the motor and electrical circuits of the 
machine upon closure of a switch 2 (Figs. and 
5) thereby providing by a bus oar the positive 
line side S (Fig. ) and the negative line side 
83 (see Fig. 3) by another bus bar. Upon the 
manual depression of the start key (Fig. ), 
its contacts is will be closed thereby connecting 
the positive line side to a magnet S (Fig. 3) 
of a motor relay (Fig. 3) through contacts co 
trolled by a stop key , the other side of the 
magnet being connected to the negative line side 
3. The magnet G 3 when energized is adapted 

to close relay contacts 6b (Fig. 1) thereby con 
necting the motor across the lines 3 and Gá 
and causing it to run. By the energization of 
the motor relay magnet S its relay contacts 
6a (Fig. 1) will also be closed and these Con 

tacts will shunt the start key contacts 5 there 
by causing the Enotor relay magnet 6 to be con 
tinuously energized until deemergized by means 
to be subsequently described. At this point in 
the description it should be noted that herein 
after magnets of relays employed in the machine 
will be designated by numerals and the related 
contacts of the relays by the same numerals 
with subscripts a, b, c, etc. 

Referring now to Figs. 5, 7 and 8, it will be 
noted that the drive shaft 8 of the motor O is 
adapted to continually rotate a drive shaft 9 
through a coupling 20. The shaft 9, while it 
continually rotates, is adapted to selectively op 
erate various mechanisms of the machine and to 
provide for the selective operation of these mech 
anisms the machine is equipped with two one 
revolution clutches which are Substantially iden 
tical in construction and operation. One of these 
clutches is shown in Fig. 6 and this figure shows 
a construction of a one revolution clutch which 
is well known in the art to which this invention 
appertains. 
The Shaft 9 Which continually rotates has se 

cured thereto an element 2 provided with a plu 
rality of sets of radial extensions 22 (Fig. 8). At 
tached to a driving gear 23 is a disk 24 upon 
which is pivoted at 25 a spring pressed pawl 26 
having a shoulder 27 thereof normally held Out. 
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of engagement with one of the extensions 22 by 
means of a hook of a clutch control arm. 28. The 
arm 28 is pivoted at 29 and has connected at its 
lower end a core 30 of a clutch control magnet 
3. Pivotally mounted on the arm 28 is an arm 
32 provided with a lug 33 bent over so as to en 
gage with an edge of the arm. 28. A spring 34 
connected to an extension of the arm 32 causes 
the arm 28 to be held in such a position that 
the hooked extremity of the arm 28 will engage 
with a finger 35 of the clutch pawl 26 holding 
the latter out of engagement With the related 
extension 22. Normally, a square lug 88 of the 
disk 24 is received between the top of the arm 
32 and the horizontal edge forming the hooked 
portion of the arm 28 thereby holding the disk 
24 and gear 23 in a normally locked condition. 
Upon the energization of the magnet 3, it 

will be obvious that the arm 28 will be rocked in 
a clockwise direction thereby releasing the 
clutch pawl 26 for movement by means of a 
spring 37 connected thereto. During the coun 
terclockwise rotation of shaft 9 the related ex 
tension 22 will engage with the shoulder 27 as 
element 2 rotates to cause the rotation of the 
disk 24 and the gear 23. At the termination of 
a complete rotation of the gear 23, which here 
inafter is designated as "a machine cycle,' dur 
ing which time magnet 3 has been deenergized 
the hooked extension of the arm 28 will engage 
with the finger 35 of the clutch pawl 26 thereby 
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disengaging the clutch pawl 26 from the related 
extension 22, thus terminating the rotation of 
the gear 23. 
Also mounted by the pivot of the clutch pawl 

26 there is provided a loosely pivoted arm 38. 
Upon the release of the clutch pawl 26 by the 
control arm 28 it will be obvious that the related 
extension 22 will be firmly held between the 
shoulder 27 of the clutch pawl 26 and the free 
end of the arm 38 thus securely locking the disk 
24 and element 2 together. When the clutch 
pawl 26 is subsequently moved to disengaged posi 
tion with respect to the extensions 22 the arm 
38 by means of a pin 26a secured to the clutch 
pawl 26 will likewise be moved free of the exten 
sion 22, as shown in Fig. 6. At this time the lug 
36 will be firmly held between the shoulder of 
the arm 28 and the upper end of the arm 32 to 
prevent any overthrow of the disk 24. 

Referring to Fig. 7, it will be noted that a sini 
lar clutch is provided to cause the rotation of a 
gear 39 and this clutch is controlled by a card 
feed clutch control magnet 40. An arm 4 which 
is similar to the arm 28 is operated by magnet 40 
and also has associated therewith a clutch pawl 
and disk arrangement similar to that disclosed in 
Fig. 6. The clutch disk of the clutch now being 
described is designated by numeral 42 and is 
similar to the disk 24 previously described and 
the clutch connection is adapted to cause a me 
chanical driving connection between one of the 
other sets of radial extensions 22 and a clutch 
pawl 43 pivotally carried by the disk 42 and in the 
plane of the other set of extensions 22. 
The clutch control magnet 40 when energized 

is adapted to cause the feeding of a tabulating 
card from a hopper to an analyzing mechanism 
for one or more different calculating operations 
performed selectively and automatically by an 
Operation of the machine. 
The electrical connections for causing an en 

ergization of the clutch control magnet 40 (shown 
in Fig. 7 and also in the wiring diagram of Fig. 1) 
will now be described. The tabulating cards Oo 
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which are adapted to control calculating opera 
tions are placed within a hopper 44 (Figs. 5 and 
12) of a box-like formation, the upper end being 
open for the reception of the cards and the 
weight of a card together with the usual presser 
plate is sufficient to depress a plunger 45 (Fig. 5) 
and cause the closure of contacts 46 and 47 (Figs. 
1 and 12) and such contacts will remain closed 
as long as there is a card in the hopper 44. 

Referring now to Fig. 1 the circuit for the card 
feeding clutch control magnet 40 will now be 
explained. When the motor relay f6 is energized 
and contacts 6a are closed and with a card in 
the hopper, the circuit extends from the positive 
line side 4 through relay contacts 6a, now 
closed, stop key contacts, contacts 48 (Fig. 1) 
now closed, contacts 47 (Figs, 1 and 6) now 
closed, clutch control magnet 40, cam controlled 
contacts C-7 (Fig. 3) now closed, relay contacts 
82c which are now closed, to a wire 50 which ex 
tends as shown in Fig. 2 to contacts 5 which are 
now closed. Contacts 5 are connected by a wire 
to normally closed contacts 52, one blade of 
which is connected to the negative line side 3 
(Fig. 4). Upon the energization of the clutch 
control magnet 40, the gear 39 (Fig. 6) will be 
rotated to cause the feeding of a card OO from 
the hopper 44 in a manner now to be described. 
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The gear 39 (Fig. 6) meshes with a gear 53 
attached to a shaft 54 and the extremity of the 
shaft 54 carries as shown in Fig. 5 a bevelled 
gear 55 in mesh with a bevelled gear 56 loosely 
mounted on a shaft 57. 
Secured to the bevelled gear 56 is a sleeve 58 

(Figs. 9 and 11) to which is attached a disk 59, 
it being understood that both the sleeve 58 and 
disk 59 are loosely mounted on a shaft 57, The 
formation of the disk 59 is best shown in Fig. 11 
wherein it will be observed that it is provided 
with a cut-out portion forming shoulders 60 and 
6, the shoulder 60 normally abutting a pin 62 
carried by a mutilated ratchet gear 63. The gear 
63 is secured to the shaft 57 and one end of the 
shaft as shown in Fig. 9 has fixed thereto a 
sprocket wheel 66 (Fig. 12) having a series of 
radial projections 64. Encircling the sprocket 
wheel 66 (Fig. 12) is a continuous band of metal 
65 preferably of flexible steel or brass, the strip 
being perforated So as to receive the projections 
64 of the sprocket wheel 66. 

Referring now to Fig. 12, it will be noted that 
a shaft 6 is pivotally mounted in a bracket 68 
of the machine and the shaft 67 carries a sprock 
et wheel 69 similar to the sprocket wheel 66 in 
that it is also provided with projections adapted 
to receive the apertures of the feeding band 65. 
As best shown in Fig. 12, the upper part of the 
band 65 passes through a hopper 44 at the bot 
ton thereof and is so positioned that the lower 
most card Oo will rest upon the band or tape 65. 
The form of tabulating card OO adapted to 

be employed to control calculating operations is 
well known in the art and is fully shown and 
described in the patent to C. D. Lake, No. 
1,772,492, August 12, 1930, and as shown in this 
patent the upper horizontal marginal portion is 
blank and is not adapted to receive perforations 
to represent values. 
The tape 65 is adapted to be aligned with this 

particular part of the card in order not to inter 
fer with the analyzing brushes adapted to analyze 
the perforations of the tabulating card. The 
feeding tape 65 is provided with a plurality of 
card feeding devices or "pickers' more fully 
shown in Figs, 13 and 15. 
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guiding means for eighty tracks for a correspond 
ing number of card columns of the tabulating 
card. 

Associated with each track 88 is a brush unit 
35 (Fig. 16) comprising a series of ten flexible 

wire brushes which are adapted, when the 
card is in analyzing position, to be pressed 
against the card whereby the brush TT positioned 
over the perforation in a column will pass 
through the perforation and make an electrical 
contact with the related track 88. 
A suitable reciprocable framework is provided 

to carry all of the brush units 35 which are 
manually placed in operative position and to fur 
ther cause the brushes to partake of a reciprocat 
ing movement. As best shown in Fig. 9, this 
framework comprises a transverse plate 95 pro 
vided with ears 96 adapted to fit in slots 97 of 
guide bars 98 attached to a cross bar 99 compris 
ing part of the machine framework. Fig. 9 
shows the structure for guiding the plate 95 in 
its reciprocating movement at its right end and 
precisely the same construction is used for guid 
ing the frame at its left end. The transverse 
plate 95 is provided with integral arms O (Figs. 
9 and 16), and 102 (Fig. 37). It is, therefore, 
obvious from the preceding description that the 
transverse plate 95 and side arms Oil and 102 
comprise a yoke-shaped framework which is slid 
ably mounted. 

In order to effect a downward movement of 
the brush carrying framework, the following 
mechanism is preferably employed. The trans 
verse plate 95 carries at each end, as shown in 
Figs. 9 and 16 for one end, a bracket i 03 pro 
vided with a pin 04 adapted to receive the open 
slot of an arm O5 secured to a rock shaft 06. 
Attached to the rock shaft fo6 is an arm OT pro 
vided with a roller f08 adapted to cooperate with 
a profile cam 09 secured to a shaft O. In 
the normal condition of the machine the brush 
carrying framework is in its upward position 
with the brushes 77 above the metal tracks 88 
at which time the roller 08 rests on a circular 
part of the cam 09. During the initial rotation 
of the cam 09, in a clockwise direction (Fig. 16), 
and after the card is beneath the analyzing 
brushes 77, the cam portion f will rock the 
arm 07 against the action of a spring 2 there 
by depressing the brush carrying framework 
downwardl and when it is in a depressed posi 
tion it will be held by means of a spring pressed 
latch pawl 3 latching over an arm f 4 secured 
to the shaft OS. 

In order to cause the rotation of the shaft O, 
the following gear connections are provided, Re 
ferring to Fig. 6, it will be seen that the gear 23 
is adapted to drive a pinion 5 secured to a 
transverse shaft flé. The shaft (6 as shown in 
Fig. 16, is provided with a pinion i? 7 adapted 
to drive a gear 8 secured to the shaft fo. As 
previously stated, during a calculating operation 
the gear 23 is repeatedly rotated so that, through 
gear connections described, the cam 09 will also 65 
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75 

be repeatedly rotated. However, in view of the 
action of the latching pawl 3 after the initial 
rotation of the cam 09 further rotations of said 
can will be ineffective to again move the arm 
O since the roller f08 thereof will be held out 

of cooperation with the cam portion if f of the 
can fos and the brush carrying structure will 
be held in depressed position. 
By means to be later described the brushes are 

Subsequently released for restoration to their 
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normal upward position out of contact with the 
tabulating card 00. 
The preferred form of construction of each 

brush unit 35 and the means whereby the vari 
ous brush units 35 are carried by the brush car 
rying framework will now be described with par 
ticular reference to Fig. 16. Each unit 35 com 
prises a plate 9 of insulating material which 
is provided with a diagonal cut or recess 20. In 
the process of manufacture a series of horizontal 
cuts f2 is made in the plate 9 and diagonal 
cuts 22 are also made, both of which terminate 
into the diagonal cut 20. Thus, a continuous 
recess is formed so as to receive a related brush 
holder 23 and an electrical contact pin 24 
fitted within said holder. The brush holders and 
pins are differently shaped and bent so as to be 
received by its appropriate recess to thus provide 
a Series of spaced brushes 77 spaced apart cor 
responding to the index points of a column of the 
tabulating card and to cause the conducting pins 
24 to be spaced so that each row of conduct 

ing pins extends in a vertical plane. When the 
brush holders and associated pins are assembled 
within the plate 9 they are substantially flush 
with its Surface so that they may be held in as 
sembled position by means of an attached cover 
plate 25. 

Referring to Fig. 16, it will be seen that the 
transverse plate 95 carries a longitudinal bar 
26 of insulating material suitably cut longitu 

dinally so as to receive eleven metallic bars 27. 
Adjacent bars are preferably insulated from each 
other by means of longitudinal strips 28 of insu 
lating material. 
A plurality of Series of holes in each of the 

eleven bars f2 is provided and each series is 
aligned on a vertical line so as to receive the con 
ducting pins 24 of a related brush unit. In or 
der to further receive the conducting pins 24 
the bar 26 is provided with holes which are 
aligned With respect to the holes of the series 
of bars 27. The bars 26, 27 and separating 
insulating strips 28 may be conveniently held 
by the plate 26 by any suitable means. 
When certain columns of the tabulating card 

are adapted to control calculating operations the 
asSociated brush units f35 are positioned so that 
the conducting pins 24 thereof are received and 
held by the brush carrying framework in the 
manner previously described. It will also be re 
called that for each card column the tabulating 
card is provided with ten index points, zero to 
nine inclusive. It will thus be obvious that by 
the provision of the ten lowest bars 2 all of 
the brushes related to the same index points of a 
plurality of columns are electrically connected 
by the related bar 27. However, the metal 
tracks 88 are insulated from each other so that 
only the brush 77 Which pasSes through the par 
ticular perforation of a column will be effective 
in an electrical circuit for control purposes. 
In order to further hold the brush units 35 

in adjusted position to the brush carrying frame 
work each of the plates 9 and 25 (together 
with the side arms 0 and 02 of the yoke 
shaped frame) is provided with a slot 29 adapt 
ed to receive a locking plate 30. 
The locking plate 30, as best shown in Fig. 

9, is provided with a plurality of slots 3 for 
receiving the forward edges of the brush units 
35 placed in operative position and thus spac 
ing them apart. When the locking bar 30 is 
manually inserted so as to enter the slots 29 of 
the brush units 35 and the side arms of and 
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O2 a portion 32 (Fig. 9) projecting outside of 
plate will be received by an aperture in 2, 
spring plate 33 attached to the cate , the 
aperture corresponding to the sectional outline 
of the projecting portion. 32. A somewhat simio 
lar locking means for the left end of the lock 
ing plate 30 is provided by means of a Spring 
plate 36 (see Fig. 33. 
As diagrannatically sinoW. ii. Eig. 2, the arra 

22 carries a pin 352 (see also Fig. 17) adapted 
When the brush carrying framework is depressed 
to engage with the lower blacie of the contacts 
to thus open contacts 82 and opera the circuit 
of the card feed clutch contro magne 3G). Tinus 
cardis cannot be fedi, ?o cause dia Aage to the 
brushes if the brushes are is depressed 30S 
tio3.i. 

It should also be noted that the pin i 36a is 
also adapted to close contacts 52 (Figs.f. and 5) 
when the brush carrying fragaewoi is depressed 
and such contacts are utilized, as will novy be 
described, to cause the energizatio of the clutch 
magne, 3G after the start key inas oeen depressed. 

Referring to Fig. 3 it is obvious that When the 
contacts controlled by the stop key SF are opened 
during a cycle of machine Operation the cir 
cuit to the notor relay Inaginei. 6 is opened at 
this point. However, these contacts are shunted 
by can controlled contacts C-8 controlled by a 
can which is on a shaft 66 driven by gear 23, 
as will appear atter. 
These contacts thus retain the motor relay 3 

magnet and clutch magnet Sé energized unti ai 
most a complete revolution of the gear 23 ever, 
though the stop key contacts are opened at any 
time during the machine cycle. The clutch and 
gear 23 coast, to home position after can COA 
tacts C-4 opera, as is well known in the art. 

If it is nowy desired to again start the machine, 
With the brush framework down and the COR 
tacts 52 (Fig. ii) closed, the start key is now de 
pressed to energize the motor relay inagne 96. 
The circuit to the clutch control laagnet 3A Wii 
now be from the positive line side É, through 
relay contacts Sta, stop key contacts, and con 
tacts 52 to the clutch control magnet 36. 

Multiplying mechanism. 

The present machine is adapted to automati 
cally efect in a predeterminei sequence dif 
ferent types of calculating operations under con 
trol of a single tabulating card . . For the 
present, there will be considered the manner in 
which multiplying operations, preferably ef 
fected by the partial products method, may be 
performed. 

In Fig. 25, there is shown a tabulating card 300 
which is shown perforated in columns to 4 to 
represent a multiplier -4.321- and also shown 
perforated in columns 5 to 8 inclusive to rep 
resent a multiplicandi -1234-, which numbers 
can be multiplied together to enter the product 
in a product receiving accumulator. The card 
is placed in the hopper A4 with the printed face 
upwardly so that the card is fed to the brushes 
with the part having the cut-off corner leading, 
Correlated with these card columns, as previ 
ously described are analyzing units 35 and the 
metal tracks 88 each of which has connected 
thereto a plug cord (see Fig. 16), numeral 36 
(Fig. 3) representing the plug cords for the mull 
tiplier and numeral 37 representing the plug 
cords for the multiplicand. 
The plug cords 36 are inserted as shown by 

? 
dotted lines in plug sockets 38 (Fig. 1) and the 
plug cords 3 are inserted as shown by dotted 
lines in plug sockets f38 (Fig. 1). Fig. 17 dis 
closes the plugboard of the machine and the 
plug sockets 38 and 39 receiving plugs 38 and 
8 in carrying out the multiplying operation 
ised as an example are shown in black as weli 
as for other sockets received by plugs connected 
to the neta tracks 83. 
The above described plugging operations and 

Others are inade prior to machine operations an: 
Where other coltimns are utilized to represent the 
Iultiplier and nultiplicand the metal tracks 38 
COrresponding to said card columns are plugged 
airfi lorus units 35 are inserted for correspond 
ing columns. It should also be noted that plug 
COEnections for the nultiplier representing cole 
Inns are so made that the “units' representirag 
Colul Wil & the first to control and the others 
it. Succession in accordance with their increasing 
denominational orders, this, of course, is the 
usual practice and is well known to be necessary 
for proper nultiplying operations. 
The denorainational shift device for the nu 

plying mechanis is diagrammatically shown in 
Fig. and the details are disclosed in Figs. 23, 
i8A, 88, 39 and 20 wherein it will be seen th; 
there is provided a bar & G of insulating materia: 
which is attached to a bail & slidably mount 
ed oil a roi B42. The rod 42 is carried by a 
Cultiplying unit frare plate 43 which is also 
adapted to carry the various parts comprising 
the denominational shift device. In the nor 
imal position of the bar 486 a series of contact 
elements & carried thereby will be out of co 
tacting relationship with contact elements 45 
Carried by a stationary bar $6 and also fixed to 
the frame gate $3. 

Kaca of the contact elements i 44 has a Wire 
Connection 4 to the related one of the afore 
mentioned plug sockets !38. However, upon a 
hal step of novement of the bar 8436 by means 
now to be described, the contact elements 44 
Will be shifted to Inake electrical contact with the 
Series of stationary contact elements 45. 

he Eneans for effecting this initial half shift of 
the bar 86 will now be described. The bail 4A 
is provided with a series of teeth 88 (Fig. 18). 
Pivotally mounted on the frame plate 43 is an 
arm 89 upon which is pivoted at 50 a feeding 
pavi iÈ having a lug 52 adapted to cooperate 
With the teeth 48 but normally overlie the up 
per edge of the bail 4 and between adjacent 
teeth Sé8 thereof. Also resting upon a tooth 
portion between successive tooth spaces is a lug 
53 of a retrograde preventing pawl 5. An 

extension of the feeding pawl 5 is pivoted to a 
core 55 of a magnet 56. Upon energization of 
the magnet 356 the pawi is , as it is shifted to 
the left, will be moved a half step idly until the 
lug 52 enters the notch comprising the tooth 
Space at the extreme left, as shown in Fig. 18. 
Upon further movement of the core 55 caused 
by the continued energization of the magnet 56 
the feeding pawl 58 will cause bar 40 to be 
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shifted the distance of a half tooth space at 
which time the lug 53 of the retrograde pre 
venting pawl 54 will engage with a tooth space 
of the bar 40 thereby preventing any retrograde 
movement of the bar 40 which would be caused 
by a return spring 57 connected to the bar 
40 and the frame plate 3. 
Upon the return of the arm 49 and the feed 

ing pawl 5 effected by a spring 58 the arm 49 
will be returned to its normal position and the 
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spring 58 will rock the feeding pawl 6 clock 
wise to the position shown in Fig. 18, but at this 
time the lug í52 will be directly positioned over 
a tooth space. Thereupon each Subsequent en 
ergization of the magnet 56 will cause the bar 
40 to be noved a distance corresponding to a 

full tooth Space. 
The sockets 38 are adapted to have wire con 

nections 59 to a series of contact elements 60 
carried by the stationary bar 46. Cooperating 
with the contact elements 60 is a single movable 
contact element 6 movable to coact successive 
ly with the contact elements 60 as the bar 40 
is given successive movements in equal units. 
The first contact element 6, as best shown in 
Fig. 8a, is normally out of electrical contact with 
the contact element 60 correlated with the units 
card column. However, upon a shift of the 
bar 40 equal to a half a unit the contact element 
6 will make the desired electrical contact with 

the first contact element 60 of the series, where 
by multiplying operations may be effected under 
control of the first multiplier digit, which in the 
problem assumed represents the digit "1.' 

Referring particularly to Fig. 6, it will be re 
called that after the card has been fed to the de 
sired analyzing position, the gear 23 will be given 
a full rotation to drive, a pinion i? 5. The pinion 
f5 meshes with a gear f62 which is in mesh 
with a gear 63 secured to which is a pinion f 64. 
The pinion f 64 drives a pinion 65 secured to 
the shaft f66. 

Shaft 66 is also shown in Fig. 24 and car 
ries a series of cams which control the opening 
and closing of various C contacts employed during 
a multiplying and other calculating Operations, 
each of which will be described as the descrip 
tion progresses. 

Referring to Figs. 1, 17 and 26 reference nu 
meral 167 refers to a series of multiplying con 
trol keys, each key cap having a letter 'X' to 
represent multiplication and a numeral as a sub 
Script. When the calculating operation is to be 
multiplication one of these keys 67 is manually 
depressed to cause the closure of related con 
tacts 68. In the example assumed multiplica 
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tion is the first calculation of a series so that 
the X1 key is depressed to cause the closure of 
contacts 681 (Fig. 1). The construction of one 
of the keys 67 which is the same for all is shown 
in Fig. 26 where it will be seen that when the 
key is depressed a locking notch f 69 will be en 
gaged by a pin 70 carried by a spring urged de 
tent plate to hold the key in its depressed posi 
tion. The depression of the key is adapted to 
elevate a contact blade fill to cause the closure 
of the aforementioned contacts 68. 

Referring now to Figs. 2 and 4, it will be 
Seen that from the negative line side 3 there is 
a wire connection 72 to a switch arm 73 through 
Contacts 384 (see also Fig. 11) which are normal 
ly closed. The switch arm 73 is also shown 
in Fig. 21 and in its normal position, correspond 
ing to the first calculating Operation, it is in elec 
trical contact with a contact point 41, which 
leads by a wire connection 75 (see Fig. 4) to the 
contacts f681 of key Xi (see Fig. 1). From the 
closed contacts 681 there is a wire connection 
76 (Fig. 1) to the magnet f 56 and also to a 

multiplication control relay 83 which is con 
nected to the positive line side 4. 
When the key X1 is depressed to cause the 

energization of the magnet 83 of a relay, this 
relay will cause the opening of contacts 83a and 

83d and the closure of contacts 83b and 83c, 
all being shown in Fig. 1. 
The other side of the magnet 5 has a wire 

connection f77 to a contact plate 78 carried by 
the bar 46 and normally contacting with a mov 
able contact element 79 carried by the movable 
bar 40. From the contact element 79 the cir 
cuit extends through the relay contacts 83c, 
now closed, cam controlled contacts C-7 closed 
by a cam secured to the shaft 66, the relay con 
tacts 83b now closed, normally closed relay 
contacts 36c to the positive line side 4. The 
desired key f6 is shifted prior to a multiplying 
operation so that early in the first rotation of 
the shaft 66 contacts C-7 will be closed to 
cause the energization of the magnet 56 effect 
ing a half step movement of the bar f40. After 
a half step movement of the contact element 79 
(Flg. 18b) the latter will still contact With the 
plate fle but later in the same cycle of rotation 
of the shaft f66 other contacts C-8, as will be 
described, will again cause the energization of 
the magnet 56 but effect in this instance a units 
movement of the bar 40. Magnet 56 has a wire 
connection 8 to the cam controlled contacts 
C-8 which are connected to the positive line 
side 4. Contacts C-8 will be subsequently ef 
fective to move the bar 40 a unit after its first 
movement of a half unit, and magnet 56 will 
be energized by successive electrica impulses to 
cause Successive units movement of the bar 40. 
The wire 76 is also connected to a magnet 
84 of a relay, said magnet being connected to 
the positive lineside through cam controlled con 
tacts C-6. When the magnet 84 is energized : 
a Series of contacts 84a will be closed to com 
plete circuit connections to be subsequently de 
Scribed. 
As the bar 40 is shifted so that the contact 

element 6 (Fig. 1) successively makes electri 
cal contact with the correlated contact elements 
60 one of a series of control magnets identified 

in Fig. i by the general designation f 86 is adapt 
ed to be selectively energized. The particular 
magnet 86 which is energized is dependent upon 
which index point of a particular multiplier col 
unn is perforated. When the first contact elle 
ment 60 is engaged by the contact element 6 
the units column will be selected for control pur 
poses and since it is assumed that the '1' in 
dex point position is perforated, the magnet des 
ignated 861 will be energized by the following 
described circuit. This circuit leads from the 
wire 76, which, as previously described is con 
nected to the negative line side 3, to a wire 87 
which is connected to one side of the magnet 
1869. From the other side of said magnet 869 
there is a wire connection 9 leading to one 
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side of the magnet 861 as well as to cne side . 
of the other magnets 862 to 1868. From the 
other side of the magnet f861 there is a wire con 
nection 881 to the related contacts 84a which 
it will be recalled are now closed due to the en 
ergization of the relay magnet 84. With the 
relay contacts 84a closed the circuit will be 
continued by a wire 891 which leads as shown 
in Figs. 1, 2, 4 to the metal bar designated 271 
(Figs. 3 and 4) connecting all the brushes TT 
correlated with the '1' index point position of 
all the controlling card columns. The circuit 
will be continued by the passage of the related 
brush TT through the perforation at the '1' in 
dex point position (since the first multiplier digit 
is '1') and to the metal track 88 correlated with 
the units multiplier card column. 
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The circuit then extends by the plug connec 

tion effected by the plug 36 and Socket 38 and 
contact elements ? 60 and 6 (now closed) to 
can contacts C-9 by a wire connection 90 and 
thence to the positive line side 4 through relay 
contacts 83b and 36c now closed. Cam con 
tacts C-9 close after contacts C- have been 
closed to give the initial half step of movement 
to bar 40 to engage contact elements f60-6. 
Obviously, in view of similar wire connections 
i891-899 from the series of contacts 84a to 
the metal bars 27 if any other index point in 
cluding the '9' index point position has been 
perforated the corresponding magnet 86 will 
be energized. However, in each case since mag 
net (869 is in series with the selected magnet 
of the group 861 to 868 the control imagnet 
i889 is always energized whether the '9' index 
point position is perforated or not. The func 
tion of the control magnets 86 will now be de 
scribed. 

Referring particularly to Figs. 16, 29, 30 and 
32, a pair of guide rods 92 are adapted to be 
supported by a pair of frame pieces, one of which 
is shown in Fig. 30 and designated by numeral 
;93. Slidably mounted on these guide rods is a 
frame consisting of two side plates 94, and 95 
which are apertured to receive the rods 92 and 
which are connected by an integral transverse 
plate 95. The side plates 94 and 95 have in 
tegral bent portions 8 adapted to carry a, piate 
98 provided with a plurality of bent over stop 

lugs 1959. By the norima cooperation of the stop 
lug designated 999 (Fig. 3C) With the novable 
core 2809, of the aforementioned magnet, 3369, 
it Will be evident that the Zaovement of the afore 
described frame by the action of a spring 29 
connected thereto will be prevented, 
Each of the magnets 335 is provided with a 

movable core 2 and each core is adapted to be 
inoved downwardly against the action of a spring 
23 when the related magnet is energized until 
a stop Shoulder 203 (see Fig. 33) thereof is ex 
gaged With the top surface of a bent portion 235 
of a stationary plate 235. When the magnet 369 
is energized alone the related core 2009 will be de 
pressed and the fragile will be moved the ga:Ki 
mum distance by the spring 283 until the side 
plate 9 coacts with an abut ment 292 (Fig. 30) 
of the frame piece 393. With the energization of 
any inagnet 881-838 the plate S3 will be reved 
to the right as viewed in FigS. 30 and 29 until 8, 
stop sinoulder 99 of the glate 98 strikes the side 
of the shifted core 228 out passes over a shoulder 
23 of the core 23 of the magnet energized tonodi 
plate 38 in shifted position eyen though the mag 
net is later desenergized. Fro Fig. 30, it "Willi e 
evident that the VariOUS SüOp ShoulderS 599 to the 
left of the cores 23 are at Wairying dista Races. 
3For example, the stop lug 99 at the extreme left, 
as shown in Fig. 30, will allow plate 99 to move 
a distance of one unit until the lug 399 strikes 
the core of the energized anagnet 851 and over its 
shoulder 26. The second stogo lug 399 frontine 
left Will permit piate 33 to move a distance of 
two units until the Second stop lug 99 strikes the 
core of the magnet, 352 and oyer its shoulder 286 
and so on for the remaining ragnets 883-858. 
The stop for the plate 93 when magnet 839 is 
energized has been previously described. As best 
shown in Fig. 32 for one core 200, the cores are 
provided with recesses 28 through which the stop 
lugs 99 may freely pass through the cores 200 of 
the unenergized magnets 286 when the movement 
given to plate 98 exceeds one unit. 

9 
As best shown in Figs. 29 and 32, riveted to 

the plate 96 is a series of brackets 208 each 
adapted to carry the pivot pin 209 of a related 
bell crank comprising an arm 20 and an arm 2ff. 
Each arm 2 i? carries an insulated contact plate 
22 and each bell crank is urged by a spring 23 
to cause a finger 28 of the related arm 20 to 
contact with the periphery of a rotatable cylinder 
24. As shown in Fig. 32 the periphery of the 
cylinder 24 is provided with a plurality of differ 
entially positioned apertures 25. Whenever an 
apertured portion of the cylinder 24 in its ro 
tation receives the finger 28 of the arm 20 the 
spring 23 will rock the associated bell crank 
to close the contacts 27. The contact plates 26 
are insulated from each other since they are car 
ried by a bar 29 of insulating material and which 
is attached by any suitable means to the plate 96. 
Hence, the series of contacts 217 and operating 
fingers 28 may be moved transversely with re 
spect to the cylinder 24 and to positions de 
pending upon which magnet f86 is energized. 
The differential positioning of the frame per 

nits the various fingers 28 to be aligned and en 
ter certain apertures 2 á 5 of the cylinder 24 
during its rotation and such differential position 
ing is effected prior to the time that any of the 
fingers 28 coact with the apertures 85 during 
the rotation of cylinder 24. 
As best shown in Fig. 29, the cylinder 24 is at 

tached to the shaft and as stated the latter is 
adapted to be given a complete rotation for each 
imultiplying operation involving a single nulti 
plier digit. At the termination of each rotation 
of the cylinder 25, a cam portion 22 (Figs. 29 
and 30) attached to the gear 8 will coact with 

roller 22 of an arm 322 secured to a rock 
shaft 223. 
The rockshaft; 223 is provided with a depending 

arm 223 which, as shown in Fig. 29, is connected 
to the plate 95 by a link 225. By this neans the 
frame is returned to its normal position where 
it is relatched by the coaction of the core 2099 
with the stop lug 999 (see Fig. 33), Since in the 
meantime the related magnet 369 together with 
any other selected magnet 86 have been deemer 
gized. The lugs à999 in the Inovement of the 
plate 98 to the right engages a bevelled edge 200a 
of the core 299 depressing the latter until lug 99g 
is free whereupon the core 2009 will be raised by 
its spring 23 and the core will be elevated with 
the tag 999 contacting with the side edge of the 
core 2009 to hold the contact carrying frame in 
normali position. 
As previously stated the cylinder 286 is provided 

with a number of perforstions or apertures 2d 5 so 
dimensioned and located as to represent the units 
and tens products of a nultiplication table, the 
Sectio a AA (Fig. ) representing the Units of the 
products and the section 8 representing the tens 
of Such Products, The for??lation of SUch a cylin 
der and the location of the apertures 215 so as 
to perfor in ultiplying operations by the partials 
producit method is fully sioWra, and described in 
the Gerriaan patents to Koller, #2é4,033 and. 
#242.02Q? 
There will now be described the Gainer in 

which multiplication is effected for the example 
assumed, that is, the multiplication of 234- by 

?? 32 - 
The fixed contact elements 45, are provided 
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With wire connections 227 (Fig. ii) which lead to a . 
plurality of product sockets 228. These sockets 
are also shown in Fig. 17 and as shown in this 
figure and Figs. 1 and 2 there is provided a plug- as 
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1 ? 
ended cable 229 with wire connections adapted to 
individually connect the sockets 228 with the 
sockets 230. 

Each of said sockets 230, as shown in Fig. 2, is 
connected to a related accumulator control mag 
net 23 through related relay contacts 500 and 
One side of each of Said control magnets 23f of 
an accumulator 250 (Fig. 24) is connected by a 
common connection 232 which leads to the nega 
tive line side 3 as shown in Fig. 4. 

After the bar 40 (Fig. 1) has been given a 
movement equal to a half unit cam contacts 
C-9 are closed so as to complete the circuit (pre 
viously described) to the selected control magnet 
861 because the units multiplier digit is '1' and 

cause the energization of the latter since cam 
contacts C-6 are now closed to cause magnet 
f84 to be energized and close the contacts 84a 
between the lines f81 and 891. It will be under 
stood that the movement of plate 98 and the sets 
of contacts 27 will be performed previous to the 
time the cylinder 24 has been turned sufficiently 
so that the fingers 218 could engage with certain 
perforations 25 aligned there with. Since the 
plate 98 is given a longitudinal movement of a 
unit under control of magnet 1861 the selected 
contacts 21 to 24 will be aligned with certain 
perforations 25 of the cylinder 24. Only the 
contacts 21 to 24 will be effective for accumul 
lator entry control purposes in the example as 
sumed because the index points 1-4 are per 
forated to represent the multiplicand and by 
reason of the following described circuit. From 
the positive line side 4 there is, through closed 
relay contacts 36 c, as previously stated, a wire 
connection (Fig. 1) to contacts 83b which are 
closed during the multiplying operation because 
the selected key 67 is held depressed. From said 
contacts 83b there is a wire connection 235 to 
one blade of each of the Series of contacts 21 
to 2 fg. The other blade of each of said contacts 
271 to 279 ha, a related wire connection in a 
cable 236 to the fixed blade of the relay con 
tacts 84b. 
When the contacts C-6 open, relay magnet 
84 (Fig. 1) will be deenergized and contacts 84a 

will, therefore, be opened thereby disconnecting 
the magnets 861 to 86g from the corresponding 
lines 89. Even through magnet 861 is now de 
energized the position of the stop lug i99 over 
the shoulder 206 (see Fig. 33) of the depressed 
core 200 will retain the plate 98 in its shifted 
position of one unit as previously described. 
The apertures 25 are so located that during 

the rotation of the cylinder 24 the contacts 27 
aligned therewith will be closed when the related 
fingers 28 project through the apertures 25 and 
the engagement occurs at differential times during 
the rotation of the cylinder 24. For example, 
due to the lateral shift of the sets of contacts 27 
a distance of one unit during the rotation of the 

i cylinder 24 the entry of the finger 28 of con 
tacts 274 with an aperture 254 (Fig. 1) will 
cause contacts 274 to be closed at the '4' point 
in the accumulator operating cycle. By reason 
of the fact that there will be a longer time delay 
before the finger 28 of the contacts 273 enters 
the aperture 253, the related contacts 273 will 
be closed later in the accumulator operating cycle, 
and by reason of the location of the particular 
aperture 253 contacts 273 will be closed at the 
'3' point in the accumulator operating cycle. 
Correspondingly, contacts 272 and 27 will be 
closed at the '2' and the '1' point, respectively, 

in the accumulator operating cycle due to the 
position of apertures 251 and 252. 
Contacts 271 to 24 are only effective in the 

multiplying operation because the card is per 
forated to represent digits 1 to 4 of the multi 
plicand at the thousands, hundreds, tens and 
units order respectively to cause in the multiply 
ing operation for the first multiplier digit "1' the 
energization of the accumulator control magnets 
23 (Fig. 4) of corresponding denominational 
orders. When a particular contact 27 is closed 
the circuit connection will be extended from the 
positive line side 4, normally closed relay con 
tacts 36 ?c, contacts 83b now closed, the closed 
contact 27 involved, to a particular digit repre 
senting line f89 through the wire in the cable 236 
and related relay contacts 84b. Said lines, as 
previously stated, are connected to the related 
connecting bars 27 and thence by means of the 
brushes 77 passing through the perforations at 
index point positions 1 to 4 to the metal tracks 
88. The circuit then extends by the plug cords 
37 to the sockets 39, wires 47, contact elements 
44, 45, wires 227, sockets 228, plug cable 229 to 

the sockets 230 (Fig. 2), relay contacts 500a, 
accumulator control magnets 23, and wire 232 to 
the negative line side (see Fig. 4). 

Contacts C-5 are closed to close the circuit of 
the relay magnet 500 and its energization causes 
the closure of relay contacts 500a during the time 
the fingers 28 are correlated with the apertures 
of Sections A and B of cylinder 24. Contacts 
C-5 close after contacts C-6 have been opened 
and which opening causes relay magnet f 84 to be 
deenergized and the resultant closure of relay 
contacts 84b. 
By reason of the transmission of the differen 

tially timed electrical impulses created by the 
apertures 2 5 and the resultant energization of 
accumulator control magnets 23 accumulator 
wheels 238 (see Fig. 24) are adapted to be given 
rotations of differential extents. 
The construction of the accumulator 250 

adapted to be employed in oonnection with the 
present invention is well known in the art and is 
fully shown and described in the patent to C. D. 
Lake, F1,307,740 dated June 24, 1919, and for 
this reason will only be generally explained. 
The driving shaft for the accumulator is desig 

nated by numeral 239 and as shown in Fig. 6 
has attached thereto the driving gear 62. The 
ratio of the gearing to shaft 239 and to the shaft 

0 (Fig. 16) from the gear 23 is so selected that 
for each revolution of the shaft fo, correspond 
ing to a full rotation of the partials product rep 
resenting cylinder 24, there will be two rotations 
of the accumulator drive shaft 239 or two ac 
cumulator operating cycles for one revolution of 
the cylinder 24. 

Reverting now to the description of the ac 
cumulator 250 a gear 240 (Fig. 24) secured to the 
shaft 239 is adapted to drive by means of an 
intermeshing gear 24 a shaft 242. Mounted 
upon said shaft are a plurality of electromag 
netically controlled clutch devices designated 
generally by the reference numeral 243 (Fig. 24). 
One of said clutch elements of each clutch device 
is fast to the shaft 242 and the other is loosely 
mounted upon said shaft but is secured to a 
gear 244 adapted to drive a gear 245 secured to 
the related accumulator wheel 238. 
When a particular accumulator control mag 

net 23 is energized at a differential time an 
armature 246 thereof will be attracted so as to 
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for movement thereby engaging the clutch device 
243 and causing the rotation of the accumulator 
wheel 238 at a differential time and up to a fixed 
time. 

In view of the fact that the clutch Connection 
continues despite the deenergization of the con 
trol magnet 23 until a fixed point in the cycle 
of operation is reached it is only necessary to 
form the apertures 215 as shown in Fig. 1 SO as to 
cause the transmission of short electrical im 
pulses at the proper points in the cycle. In view 
of the continuity of the clutch engagement the 
accumulator wheel 238 will be rotated without 
interruption irrespective of the fact that the 
finger 288 will subsequently engage with the 
periphery of the cylinder 24 and thus cause the 
opening of related contacts 27. 
At a fixed point at the end of each operating 

cycle the clutch control lever 247 is shifted to dis 
engage the clutch device by means Ore fully 
shown and described in the aforementioned pat 
ent to C. G. ake, 1,307,740. 
Summarizing, therefore, it will be noted that 

since the units of the multiplicand is perforated 
to represent '4' and since the units multiplier 
digit represents "l' contact 24 will be closed 
by the parforation 254 at the '4' point in the 
cycle thereby causing the units Order accumla 
iator wheel to be rotated an extent of four units 
causing the wheel 238 to exhibit '.' (Corre 
spondingly, contacts 33 being closed one point 
later in the cycle will cause the tens order & Co 
clinulator wheel 233 to be turned three steps so 
as to exhibit 3.' Also, since the Anultiplicarad is 
pariorated ai ?he “2º and “3º Zadex pGnt posi 
tions in te žalindreds ar žinousands Order re 

- spectively, contacts 2 i2 and 2 a vill be ciosed 
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oy areated perforations 252 and 2 g1 so as to 
callsSe te Ecclimato Weels of Corresponding 
deno:rigational orders to be rotated so as to ex 
hiitai, he end of multiplication operation for the 
Linits partiais producit, “2” and “.” The ac 
i? 3 inlator Wheels 233 will now exhibit -334-. 

After tine apertured section A of the partials 
product representing cylinder 3 i? is out of co 
operation with the fingers 253 contacts C-3 
Will ba closed So as to cause a secondi energiza 
tion of the magnet 55 thereby effecting a raoye 
Inert of the bar 38 equivalent to a single init. 
his Will effect a change in denominational re 

lationship etWeen the accumulator contro mag 
rets 23 and the initiglicaid entering.orlases 

for the Subseqüent entry of the “teras” partials 
product. A view of the fact that in the example 
assux Maed Intiltiplication of the Inuultiplicandi -234 
by the multiplier digit "' does not produce any 
"tens' partials product, there Will e, in the exa 
angle assurned, no accualator exity durag 
the second ecclZuator operatig cycle for the 
irst multiplier digi, 
After the sectio; 3 (Fig. 3) of the partials 

product repressiating cylinder 2 8 is oigt oå cc 
operation With the fingers 38 tiae atter Will Hovy 
foe aligned with as elongatad so. 248 (Sig. 29) 
so that the cara 223 znay shift štire framme carry 
ing the coratacts ? ') þac: 0 ÍAOrIIaal and re 
atched position preparato37 of the next pCsive 
tion of the frarne Controlied by the Second mili 
tiplier digit. it, should be noted that eve though 
the sets of coatacts 2 close cara controlied 
contacts C-3 are ACW closed egaergizing relay 
magnet 83 opening relay contacts 36b discon 
anecting the series of contacts 2 from the lines 
8899 to prevent false circuits. 

a the example assumed, the second multiplier 

digit consists of the digit "2" since the '2' index 
point position of the tens multiplier card Column 
is perforated. In this multiplying operation, 
magnet 86a will be energized permitting a move 
ment of the frame if 98 carrying the series of 5 
contacts 27 to a distance equivalent to two units. 
Contacts 2f1 to 274 are still effective for mul 
tiplying purposes as previously explained since 
the multiplicand number has not been changed. 
Contacts 271 to 2 74 will now be aligned with 10 
other apertures 25 and they are so positioned 
as to callse an entry in the proper accumulating 
orders corresponding to the product of each mull 
tiplicand digit -1234- and the multiplier digit 
"2.' in view of the previous denominational 5 
shift the product of 4x2, or 8, will be entered in 
the tens order, resulting in the addition of '8' 
to the previous entry "3.' Also the tens multi 
plicand digit '3' will be multiplied by 2 and the 
product, or '6,' entered in the hundreds order. 
The multiplicand digit '2' will be multiplied by 
She multiplier digit 2 and entered in the thou 
sands order. Correspondingly, the multiplier 
digit a will be multiplied by the multiplicand 
digit 2 and entered in the tens of thousands or 
der of the accumulator. With the previous read 
ing of -234- in the accumulator and the adidi 
tion of the next units product, the summation 
will be as shown eloy: 

00000001.234 revious reading 3.) 
0G00002468 Multiplication for Secondi 
- digit 
200002584 (No transfer) 

C030.0025914 : (Aiter the transfer) 33 

ir view of the fact, that there is a transfer op 
eration in the hundreds order of the accumula 
tor, being initiated by the addition of '3' and 
'8,' a nit, will be transferred to the hundreds 
order of the accumulator prior to the shift of 
bar 40 and before entering the "tens' partials 
product. The transfer mechanism employed in 
connection with the form of accumulator shown 
in Eg, 24 is well known in the art and is fully 
shown and described in the aforementioned pat 
era; to Hollerith No. 974,272 and patent, No. 1 
926,63, to C. D. E2ke et al. The transfer nech 
anism is 3-dapted to carry a unit to the succeed 
ing denominational order whether the entering 
of the digit to effect the transfer comes from the 
extering of the units partials product or the tens 
partials product. 
After the agertured section A of the partials 

groduct representing cylinder 2 is is out of co 
operation with the fingers 28 contacts C-3 will 
e closed to cause another energization of the 

Saggaet 56 thereby effecting a rovement of the 

50 

55 

ba2° à 88 egalvaleraº to a single uniº. 
Ex2 3multipication 2 by the Seco?ad maaltiplier digit 

"2,' section 3 will ba effectiye with respect to the 
contacts 283 d23ring the Second acclarinulator op 
erating cycle. But in this particular multipli 
cation by the digit "2" there will be no “tens' 
of partials prodact to be eatered and the accum - 
lator Will continue to exhibit the sub-product 

??? 25914?? 
3í? Will be recalledi timat the bar 4 ?3 has beera 
iven a denominational shift after section. A for 

the second Anultiplier digit has been effective so go 
as to cause the succeeding multiplying digit '3' 
of the hundreds order to be effective for control 
purposes and also to change the denominational 
gelationship between brushes 7 and the accumu 
lator control magnets 23f. However, after the 5 
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addition of the units product -3692- and express 
ing the computation as: 

00000025914 
000003692 

00000395.14 

there will be the entry the tens partials product 
(after a denomination shift) since the multiplier 
digit consists of '3' and it is to be multiplied 
by the units multiplicand digit '4' giving a prod 
uct "12.' The tens partials product or the digit 
'1' will be entered during the second accumu 

is lator cycle in the manner which will now be 
explained. 

During the multiplying operation by the digit 
'3' it will be noted that contacts 274 will be 
positioned a distance of three steps to the right 

20 ?S viewed in Fig. 1. During the time that the 
section B of cylinder 24 is effective the finger 
28 of contacts 274 will enter an aperture 251B 
to thereby cause the closure of contacts 274. 
This will cause an electrical impulse to be trans 

25 mitted to the thousands order accumulator con 
trol magnet 23 thereby causing the entry of a 
unit in this Order. 
At this time it is explained that the transfer 

operations effected after the entry of the units 
30 or tens product are not entered in the same ac 

cumulator cycle for the multiplier digit but they 
are timed to occur during the beginning of the 
next accumulator cycle whether it is for multi 
plying or any other purpose. 
The Patent No. 1,976,617 shows in Fig. 6 the 

cam ( 07) adapted to cause the operation of bail 
273 (Fig. 24) to effect carry operations. In the 
present machine this cam is secured to shaft 239 
but with such a timing relationship with respect 

40 to gear 23 (Fig. 6) that transfer operations for 
each accumulating cycle will occur at the begin 
ning of the next cycle or at the beginning of the 
rotation of gear 23. This Operation of bail 273 
occurs with sufficient rapidity and so early in the 

45 next cycle that it will permit other operations, 
such as resetting of the accumulator, punching, 
etc., to be all properly performed despite this 
change in timing in the present machine. 
The accumulator 250 will now indicate the in 

50 complete product -00000396114-. Thereafter a 
subsequent multiplying operation is effected pre 
cisely in the manner explained during which 
time the multiplicand -1234- is multiplied by 
the multiplier digit '4.' At the end of this mul 

55 tiplying operation, the wheels of the accumulator 
250 will exhibit the final result or -00005332114-. 

It should be observed that it frequently hap 
pens that one of the multiplying digits consti 
tutes a zero and in the present embodiment the 

60 machine will go through an operating cycle but 
the only effective work that will be done upon the 
occurrence of a zero is the denominational shift 
of the bar 40. Obviously, there will be no entry 
in the accumulator 250. 
After the multiplication operation for the last 

multiplier digit the machine will go through 
successive cycles of operation moving the bar 
| 40 step-by-Step until the movable contact elle 
ment 6 makes electrical contact with the con 

70 tact element 60 at the extreme left. At the 
beginning of the next cycle of machine, opera 
tion, when cam contacts C-9 close, a circuit is 
made extending from the positive line side 4, 
relay contacts 36C now closed, relay contacts 

5 83b now closed, contacts C-9, wire. 90, contact 

35 

65 

2,224,774 
element i 6 f, the contact element í 60 just re 
ferred to and the wire connection f 59 to the 
related plug socket 256, and by a wire 252 lead 
ing to a magnet 253 of a relay. The other side 
of said magnet is connected by a wire 254 (Fig. 
3) to the negative line side 3. Magnet 253 will 
be energized during the ninth cycle of machine 
operation whether the multiplier is represented 
by a number comprising eight denominational 
Orders or not. 

In order to eliminate idle cycles and to cause 
the energization of the magnet 253 in a cycle 
immediately following that in which the multi 
plying operation is completed a double ended 
plug cord 255 is connected between a socket 256 
electrically connected to the wire 252 and to the 
plug socket 38 corresponding to the denomina 
tional order which is one higher than the highest 
Order of the multiplier. However, in view of the 
fact that the bar 40 is given a units step of 
movement preparatory to the multiplying opera 
tion for the succeeding multiplier digit the relay 
magnet 253 will be energized one cycle after the 
last cycle of multiplying operation. 
The plug socket 256 and the plug cord con 

nection 255 for the example assumed is also 
shown in Fig. 17 and this plugging connection 
is also made prior to machine operations. 

Referring to Fig. 1 when the magnet 253 is 
energized it Will cause the closure of relay con 
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tacts 253a and at the beginning of the cycle in , 
which can contacts C-9 close cam contacts 
C-3 are also closed thereby providing a stick 
circuit for the relay magnet 253 through relay 
contacts 253a, cam contacts C-3, and a wire 
connection 257 connected to the positive line side 
f4. Relay magnet 253 is adapted to effect the 
closure of relay contacts 253b thereby extending 
a circuit from the negative line side 3 through 
relay contacts 253b and a magnet 258, the other 
side of Said magnet being connected by a wire 
259 to the positive line side 4. The magnet 258, 
as shown diagrammatically in Fig. 1 and also in 
Fig. 18, is adapted to rock the retrograde pre 
venting pawl 54 clockwise thereby releasing the 
bar 40 for movement to normal position by the 
action of the return spring 57. 
A magnet 260, referring to Fig. 1, is in par 

allel circuit connection with the magnet 258 and 
is energized by the aforedescribed electrical cir 
cuit. The magnet 260 is shown in Fig. 21 and is 
adapted to attract its armature 26 to thereby 
reciprocate a pawl 262 which latter is adapted 
to engage a ratchet wheel 263 secured to the 
Selector arm 3. Arm fl3 is thereby shifted 
so that it will contact with a contact element fil42 
and this position will be held by means of a 
retrograde preventing pawl 264 engaging the 
teeth of the ratchet wheel 263. 

Referring now particularly to Fig. 4, it will be 
seen that with the electrical contact of the se 
lector arm l73 and the switch point 742 a circuit 
will be extended from the negative line side 3 
through contacts 384 now closed to a wire 265. 
In Figs. 4 and 17 reference numeral 266 desig 
nates a series of three cross-calculation control 
keys similar in construction to the aforemen 
tioned keys 67 (see Fig. 26). The key cap of 
each of these three keys is provided with a sym 
bol - indicating that such keys control cross 
calculating operations and alongside said symbol 
a digit is provided indicating which key is to be 
depressed when the cross-calculation is effected 
first, second or third in order. 
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Cross calculation mechanism 

In the example assumed the second calculat 
ing operation to be performed comprises cross 
calculation so that the key 266 designated it 2 
will be depressed to close related contacts 2672 
thereby extending the circuit from the wire 265 
through said contacts to a wire 268 connected to 
one side of an operating magnet 269. The other 
side of said magnet is connected by a wire 270 
to the positive line side through cam controlled 
contacts C-0. 
Magnet 269 is shown in Fig. 34 and when ener 

gized is adapted through a pawl and ratchet 
device similar to that described in connection 
with the denominational shift device of the mull 
tiplying apparatus shown in Fig. 18 to cause an 
initial movement of a bar 27 equivalent to a . 
half unit. Thereupon the successive energiza 
tions of the magnet 269 will move the bar 2 
in equally spaced units. The bar 2 is adapted 
to carry a plate 272 provided with contact elle 
ments to be subsequently described. 
The cross calculation unit is adapted to Con 

trol the entry of a plurality of amounts repre 
sented on the same tabulating card that repre 
sents other amounts to be calculated and to con 
trol the entry either additively or subtractively 
depending upon a preselection. 
By way of example, it will be assumed that the 

cross calculation unit will control the entry of 
three amounts, the first comprising a number 
-0234- which is entered additively, the Second 
amount comprising the number -0222- which is 
also entered additively and the third amount, 
comprising the number -0321-, which will be 
entered subtractively. The first amount is repe 
resented by perforations in columns 9 to 12, the 
second amount in columns 13 to 16, and the third 
amount in columns 17 to 20, as shown diagram 
matically in Fig. 4 and also by the card shown 
in Fig. 25. 

Obviously, the other card Columns may be per 
forated to represent other or the same amounts 
so as to control their entry by the cross calcu 
lation unit in the accumulator 259. 
Referring to Figs. 2 and 34, the bar 27 is pro 

vided with a series of eight amount controlling 
contact elements 274 adapted to be correlated 
successively with each series of eight Series of 
contact elements 2751 to 2758 and the fingers 275 
are adapted to be operatively connected with the 
first series of contact elements 2751 when the bar 
27 is given its half step of movement. By Con 
nections now to be described this will control the 
entry of the amount represented in Columns 9 to 
12 in the accumulator 25. 
The contact fingers 274 have individual wire 

connections 276 (Fig. 2) to a series of plug sock 
ets 27 and said plug sockets are also shown in 
Fig. 17. From the plug sockets 277 there is a 
plug connection comprising individual wire con 
nections which may be in a cable 278 to a series 
of sockets 279 (Figs. 2 and 17) of accumulator 
258. 
The eight series of contact elements 2751 to 

25s are connected by wires 28 (Figs. 2, 3 and 
4) to eight series of plug sockets 280 (see Fig. 
17). The particular series of contact elements 
2751 have, for example, individual wire connec 
tions 28 to a series of plug sockets 2801 (Fig. ) 
four of which are received by the plug cords 282 
(Fig. 2) electrically connected to the metal tracks 
88 (Fig. 4) pertaining to columns 9 to 12. Sim 
ilar plug connections are made as shown in Figs, 

13 
2 and 4 between the metal tracks of card columns 
3-6, and T-20 and the sets of sockets 280 

connected to the sets of contact elements 252 
and 27.53, respectively. 
By the above described electrical wiring and 

plug cord connections, the analyzing brushes 
passing through perforations of columns 9 to 12 
will be electrically connected by individual elec 
trical circuits with the accumulator control mag 
nets 23f which are all connected to the negative 
line side 3 through the previously described 
common wire connection 232. The accumulator 
control magnets 23f are connected to the wires 
in the cable 278 by the relay contacts 500a. 
These are closed because the multiplication con 
trol relay 83 is now deenergized and its relay 
contacts 83d are closed to cause the circuit of 
the relay magnet 500 to be closed. The means 
for electrically connecting the positive line side 
4 to the accumulator magnets 23f at differential 

times dependent upon the index point perforated 
will now be explained. 

Referring to Fig. 2, it will be seen that the 
shaft flo carries an arm and said arm is pro 
vided with a brush 284 adapted to continuously 
make electrical contact with a ring 283. The 
arm also carries a brush 286 which is adapted to 
make electrical contact with each of a series of 
stationary contact elements 285a during one 
half of the rotation of shaft flo and also make 
electrical contact with each of a second series 
of stationary contact elements 285b during the 
second half of the rotation of shaft . The 
above described contact making devices comprise 
an additive control Section 303 of an emitter 
306 (Fig. 17). The duplicate arrangement is 
provided for proper accumulator control opera 
tions since it will be recalled that the shaft 9 
makes one revolution for two accumulator cycles 
So that either the contact elements 285a or the 
contact elements 285b will control the transmis 
sion of electrical impulses in an acumulator cy 
cle to the accumulator control signets 23 by 
their connection to the positive line side 8. 
The related contact elements of the stationary 

contact elements 285a and 285b are connected 
by individual Wire connections 28 and the con 
tact elements 285a have individual wire connec 
tions 288 to the nine digit representing lines 891 
to 1899. The contact ring 283 has a wire con 
nection 289 to one blade of contacts 290a, the 
other blade being connected by a wire 29 to the 
positive line side 4 through the previously die 
Scribed contacts 83a, (Fig. 1) which are closed 
during the cross calculation operation since mag 
net f83 is normally deemergized and the normally 
closed relay contacts 36fc. The electrical cir 
cuits for the accumulator control magnets will 
be connected to the positive line side as the brush 
286 successively contacts the Said contact elle 
ments 285a or the said contact elements 285b. 
Since the shaft O is driven Synchronously 

with respect to the accumulator drive shaft 239 
(Fig. 24) electrical impulses will be transmitted 
to the control magnets 23 at differential times 
and similar in timing to entry operations during 
multiplication. For example, in the entry of the 
amount -0234- when the brush 286 contacts with 
the contact element designated 285A4, the circuit 
for the units accumulator control magnet 23 f will 
be extended from the brush 7 at the '4' index 
point to the positive line side through the related 
connecting bar 27, the connected digit line f894, 
the wire connection 288 leading to the contact 
element 285A4, brush 286, brush 284, contact ring 
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14 
283, wire connection 289, contacts 290 a now 
closed, wire 29t, contacts 83a now closed and 
normally closed relay contacts 36c to the posi 
tive line side 4. 
For the entry of the amount in the tens and 

hundreds order the additive control section 303 
of the emitter will cause the correlated accumul 
lator control magnets 23 f to be energized at later 
points in the accumulator operating cycle. 

In the multiplying operation previously de 
scribed the product which was entered in the ac 
cumulator comprise the number of -00005332114-. 
To this is added in the same accumulator the 
first amount of the cross calculation operation, or 
-0234-, now giving a result of -00005332348-. 

After the first accumulator operating cycle 
can controlled contacts C-0 (Fig. 2) will now 
be closed thereby effecting a circuit connection 
from the positive line side f4 through said can 
contacts C-O and by a wire 270 to the afore 
mentioned magnet 269, wire 268, contacts 2672, 
wire 265, contact 742, switch arm 73, contacts 
384 to the negative line side 3, which upon its 
energization will cause a full step of movement 
of the plate 27. 
Contact elements 274 will now be correlated 

with the second set of contact elements 275 and 
by suitable plug connections, similar to that pre 
viously described, the additive section 303 of the 
emitter will cause electrical impulses to be trans 
mitted to the accumulator magnets 23 at dif 
ferential times so as to effect the entry of the 
next additive amount, or -0222-, and after the 
transfer operations nave been effected, which as 

5 previously stated will be effected at the beginning 
of the third accumulator cycle, the accumulator 
Will exhibit the amount -00005332570-. 
The third amount i to be entered or the num 

ber -0321- is entered subtractively. Similar plug 
wire connections are made but an additional plug 
connection is also made when an amount is to 
be entered subtractively. The plate 27 carries a 
Subtracting control contact element 292 (see Figs. 
2 and 34) adapted to make electrical contact with 
One of a series of contact elements 293. Each 
of the contact elements 293 has a wire connec 
tion to a related plug socket 294. The series of 
plug Sockets 294 are shown in Fig. 17 and adja 
cent said sockets is a series of plug sockets 295 
(Fig. 2) which are electrically connected to a wire 
296 (Fig. 2) which wire is connected to one side 
of a relay magnet 290. The other side of the 
relay magnet 290 is connected to the positive line 
Side through normally closed relay contacts 298c. 

In order to cause an amount to be entered sub 
tractively for the third amount a plug connection 
designated by numeral 300 in Figs. 2 and 17 is 
made. Similar plug connections for other nega 
tive amounts would be made and the related 
Sockets 294 and 295 would be cross connected in 
the Same row that the negative amount is plugged 
to sockets 280. 
When the plate 27 f is given its third step and 

when the contact elements 274 engage with the 
series of contact elements 2753, the contact elle 
ment 292 will make electrical contact with the 
contact element 2933 thereby extending the cir 
cuit from the negative line side f3 (Fig. 4) 
through contacts 384, switch arm 73, contact 
point 1742, contacts 266, Wire 268 to contact elle 
ment 292, contact element 2933, to the plug con 
nection 300, to the relay magnet 290 thereby 
causing its energization. When the magnet 290 
is energized contacts 290a are opened and con 

line f890 to the contact point 3099. 

tacts 290b are closed thereby connecting the posi 
tive line side to a wire 299 through normally 
closed relay contacts 83a and 86 c. 

Referring particularly to Fig. 2, it will be seen 
that a subtractive section 304 of the emitter is 
provided and differs from the additive section 
303 in the respects now to be noted. 
Each amount to be subtracted is entered in 

the accumulator 250 by the entry of the tens 
complement so that in order to subtract the 
third amount, or -0321- the tens complement, or 
-9679- is entered. Ordinarily to cause the dis 
appearance of the '1' in the accumulator result 
at the extreme left in the entry of the tens con 
plement each order at the left of the significant 
figure of the highest order is also complemented 
to '9' as is well understood, and in the present 
arrangement such orders may be punched to 
represent '0' to cause a '9' entry. 
The wire 299 (Fig. 2) is connected to a ring 

305 which is engaged by a brush 306 carried 
by an arm 3OT also secured to shaft ff0. The 
brush 306 is electrically connected to a brush 308 
carried by arm 307 and brush 308 is adapted dur 
ing one-half of the revolution of shaft 1 0 to 
engage with a series of ten contact points, 309 
and in the other half of the revolution of shaft 
to with another series of ten contact points 3 0. 

The related contact points of a set are intercon 
nected by wires. 3 and the digit representing 
lines 89-89s are connected to the set of con 
tact points 309 in a manner now to be described. 
The digit lines 898 to 890 are connected to 

the related set of contact points 309 by com 
plementarily arranged connecting wires thereby 
causing for orders above the units order the 
transmission of electrical impulses to the related 
accumulator magnets at differential times but 
complementary (of nine) with respect to the in 
dex point perforated. 

For example, the hundreds order of the num 
ber to be subtracted comprises the digit '3' 
and the digit line 893 is effective but this line 
is connected to contact point 309s whereby the 
circuit will be made to the correlated accumula 
tor control magnet 23 at a time in the cycle 
for the entry of six or the nines complement 
of (3. 
For the units order, the tens complement must 

be entered in all cases. To secure the entry of 
the tens complement for this order a different 
form of brush unit is utilized. The ten brushes 
77 as shown in Fig. 36 engage the correlated index 
point positions as for other units but the pins 
24 for the brush positions -9 are so disposed 
as to be connected to the metallic bars f27 cor 
responding to a digit one unit lower. 
In the example assumed the units digit is '1' 

and the related brush 771 is connected to metal 
lic bar f2lo (see Fig. 4) and there is also as shown 
in Fig. 2 a connection of the corresponding digit 

The latter 
is so positioned that the units accumulator mag 
net will be energized at a point in the accumula 
torcycle to cause the entry of '9' or the tens com 
plement of the units digit "l.' 

However, in case that the units digit is '0' 
the units accumulator wheel must be turned a 
full revolution to effect a transfer of a unit to the 
wheel of the second denominational Order to give 
the proper tens complement. If the number was 
-0320- the second digit, or ''2'' (since it can only 
control the entry of '7' or the nines complement 
by the present arrangement), must be increased 
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by '1' to give the tens complement or '8' of the 
digit "2." This is effected by causing the units 
wheel to be turned ten steps to effect the trans 
fer of a unit to the tens denominational order. 

Referring to Figs. 4 and 36 the brush. To has 
a special connection 32 to a special metallic con 
ductor bar 270. The latter has connected there 
to a digit line 8910 which is electrically connect 
ed to the contact element 30910 (Fig. 2), so pos 
tioned as to cause the units accumulator magnet 
to be energized at a point in the accumulator 
cycle Sufficiently early to effect a complete revo 
lution of the units accumulator wheel. If zeros 
in orders above the units follow the units Order 
these orders will each control the entry of '9' 
but the transfer will carry across to be finally 
entered in the order pertaining to the first sig 
nificant figure thus giving the tens complement 
of the first significant figure. 
Obviously for the remaining denominational 

orders not punched it is necessary to enter nines 
in the correlated orders of the accumulator. 
To this end the digit line f890 (Fig. 2) has a 

wire connection 323 through closed contacts 482, 
483 and relay contacts 298a to a series of plug 
sockets 324 (see Fig. 17) and four of the sockets 
2803 pertaining to those orders in which a '9' 
is to be entered automatically and not represent 
ed by a punching on a card have plug connec 
tions 325a to a series of four Sockets 324 (see Fig. 

Three of the sockets 324, as shown in Figs. 
2 and 17 are connected by plug wires 325 to the 
related accumulator control sockets 29. These 
plug connections will vary, of course, for each 
card, and will be made in accordance with the 
number of orders utilized to represent significant 
figures of the number to be subtracted. Suci 
'9' entries are also made only when the negative 
section 30 of the emitter is utilized. 
With the previous result Or 

00005332570 
the tens complement 

of -0321----------- 99999999679 will be added 
to give a final result 

of---------------- 00005332249 

This is the result of the solution of an equation, 
1234X4321-0234-0222-0321 and is shown in the 
accumulator 259. 
The CrOSS calculation unit is also provided with 

a cycle limiting device operating in a manner 
substantially the same as that described in con 
nection with the multiplying mechanism. 

Referring to Figs. 2 and 34 the plate 27 also 
carries a contact element 33 which is electrically 
Connected to the positive line side through cam 
controlled contacts C- which are closed near 
the end of a machine cycle. Correlated with 
the contact element 3 f3 is a series of contact ele 
ments 3:4 and they are so positioned that the 
contact element 33 will contact with one of said 
contact elements 36 so as to cause the elimina 
tion of idle operating cycles after an even num 
ber of accumulator operating cycles have been 
completed. The reason for this is that all oper 
ations that follow croSS calculation operations 
must be initiated after the completion of a full 
rotation of the main driving gear 23 (see Fig. 6). 
The rotation of gear 23 is completed, obviously, 
only after two accumulator cycles have been com 
pleted. 

in the present case, it is assumed that three 
accumulator operating cycles are involved in the 

15 
example assumed and after the termination of 
the third accumulator operating cycle the mag 
net 269 (Fig. 2) will be energized to cause a step 
of movement of the plate 2T whereupon the con 
tact element 33 will be engaged with the con 
tact element designated 344 in Fig. 2. Each of 
said contact elements 34 have electrical con 
nections to correlated sockets 35 (see also Fig. 
17) and a plug connection 37 is adapted to be 
made between the plug socket 35 correlated with 
the contact element 344 which is to control the 
cycle limiting device and to a socket 36. This 
plug connection 37, for the example assumed, is 
shown in Fig. 17. The plug socket 36 has a wire 
connection 38 to the wire 252 which leads as 
shown in Fig. 1 to the previously described relay 
magnet 253. The latter will be energized to 
cause the energization of relay magnet 253 and 
the closure of relay contacts 253b by the closure 
of contacts C-fi (Fig. 2) which is in the latter 
part of a machine cycle of operation. 

Referring to Fig. 1 in shunt connection with 
the magnets 258 and 260 which are energized 
when contacts 253b are closed is a magnet 39 
and said magnet, as shown in Fig. 34, is adapted 
to rock a retrograde preventing pawl 320 thereby 
releasing the plate 27 for movement to a nor 
mal position by the action of a return spring 32. 
With the energization of the magnet 39, the 

magnet 280, referring to Figs, 2 and 21, will again 
be energized thereby causing the switch arm 73 
to make electrical contact with the contact elle 
ment 43 (Fig. 4) thereby connecting the negate 
tive line side through contacts 384 and the switch 
mechanism just described to a line wire 322 
(Fig. 6). 

'razre8fer of ag totai 
With the final result in accumulator 25 it is 

desirable to punch this amount on the tabulating 
card controlling the calculations. Before this 
can be done, however, it is necessary to transfer 
the amount from the accumulator 250, if it is 
selected to receive entries, to an accumulator 25 
(Fig. 17) since only the latter controls the punch-, 
ing mechanism. As will be pointed out later, ac 
cumulator 25 can also receive entries which are 
the results of calculating operations in which case 
a transfer of a total is not necessary. 

Referring to Figs, 4 and 17 reference numeral 
32 designates two keys, the key caps of which 
have the Symbols NB- and NB-2 and are ulti 
lized when a subtraction operations enters into 
a calculation to give rise to a possible negative 
result in accumulator 250 and whenever a trans 
fer from accumulator 250 to 25 is effected. The 
key NB- is utilized when total transfer opera 
tions are to take place after a calculation of one 
type has been performed and the key NB-2 will 
be operated in carrying out the illustrative oper- : 
ation since two types of calculating operations 
are involved. 
As best shown in Fig. 26, the key designated 

NB-2 is adapted when depressed to close con 
tacts 328 and also close other contacts 329 (Fig. 
4) similar to contacts 328 in Fig. 26 and since the 
selected key 327 is depressed and locked in de 
pressed position prior to an operation of the 
machine it will be seen that normally there is a 
circuit connection from the negative line side G3 
through contacts 328 (Fig. 4) and by a wire 333 
to a magnet 33 (Fig. 2) of a relay, the circuit 
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Referring to Fig. 1, it will be recalled that when 
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Or positive condition of accumulator 250 repre- from the negative line side to the wire 348 (Fig. 
sent a true number to control the result punch 
ing mechanism now to be described. 
After the total transfer operation has been 

effected cam controlled contacts C-2 (Fig. 1) 
will be closed thereby establishing a circuit from 
the positive line side f4, relay contacts 298f now 
closed, cam controlled contacts C-2, relay mag 
net 253, to the negative line side 3 (Fig. 1) caus 
ing the energization of the cycle limit control 
magnet 253 resulting in the closure of its relay 
contacts 253b (Fig. 1) and the energization of 
the magnet 260. Referring now to Fig. 2 and 
Fig. 21 the switch arm f T3 will now be positioned 
so as to make electrical contact with the contact 
point 744 thereby causing operations now to be 
described in detail. 
Cam controlled contacts C-3 (Fig. 1) are 

closed when cam controlled contacts C-2 close 
and remain closed until after the beginning of 
the next machine cycle thus providing a stick 
circuit through relay contact 253a and wire 257 
for the magnet 253 so that the latter is ener 
gized at the beginning of the next machine cycle. 

Result punching mechanism 
The mechanism whereby the card which con 

trols the calculating operations may be punched 
step by step as the result standing on the accu 
mulator 25 is read out will now be described. 
Upon the contact of the switch arm 73 with 

the contact element 744 (Fig. 4) a circuit from 

35 

O 

the negative line said as described before will 
be extended from the contact element 744 by a 
wire 345 to cam controlled contacts C-4 (Fig. 
2) and thence from said can controlled contacts 
to the total control relay magnet 82, then 
through normally closed relay contacts 34a to 
the positive line side. The cam controlled con 
tacts C-4 are adapted to be closed in the early 
part of the machine cycle to cause relay magnet 
82 to be energized but after tens transfer opera 
tions have been effected for accumulator 25 
since the last described accumulator is adapted 
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to have the same timing operation as accumu 
lator 250. The machine is so arranged that 
amounts may be directly entered in accumulator 
25 so... that a tens transfer operation may be 
required in accumulator 25 and the timing of 
contacts C-4 take care of this possibility. Re 
lay contacts 82b (Fig. 4) close to provide a stick 
circuit for relay magnet 82. 
It is evident that irrespective of the Subse 

quent opening of contacts C-4 the relay mag 
net 82 will be held energized by the closure of 
the relay contacts 82b (Fig. 4) and normally 
closed relay contacts 3d. 
From the contact element 744 (Fig. 4) there 

is a wire connection 348 leading as shown in 
Figs. 4, 3 and 1 to a brush release magnet 349 
(see Fig. 1), the other side of Said magnet being 
connected to the positive line side f4. It is - ob 
vious that upon the contact of the switch arm 
| 73 With contact point 744 the magnet 349 will 
also be energized. 
As shown in Fig. 16, the energization of the 

magnet 349 will through its movable core 350 
and a link 35 rock the latching pawl 3 there 
by disengaging it from the arm i f4 which is se 
cured to the shaft 06. Under the action of the 
spring 2 the brush Supporting frame will now 
be elevated so that the brushes T are now Out of 
contact With the metal tracks 88. 
When the switch arm 73 contacts with the 

contact element 744 a circuit will be extended 

1) as previously stated, and this is also con 
nected as shown in Fig. 1 to a punch switch . . 
controlling magnet 353, the latter being con 
nected to the positive line side by normally 
closed relay contacts 354a, . 

Referring to Fig. 3, it will be evident that 
upon the energization of the relay magnet 82 
contacts 82a will be opened thereby opening the 
circuit to the clutch control magnet 3 (Fig. 1) 
So that upon the deemergization of the clutch 
control magnet 3 the clutch pawl 26 (Fig. 6) 
will be disengaged from the related extension 22 
at the termination of a complete rotation of the 
main driving gear 23. 
Furthermore, since contacts 48 (Fig. 1) are 

now closed it is desirable in the machine oper 
ation now being described to prevent the ener 
gization of the card feed clutch magnet 40 (Fig. 
1) and this prevention occurs because at this 
time relay contacts 82c (Fig. 3) are open to open 
the circuit 50 to the card feed clutch magnet 
40 through relay contacts 82c and cam controlled 
contacts C-7 (see Fig. 8). 
Upon the closure of relay contacts 82d (Fig. 
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2) a circuit will be extended from the positive 
line side 4 through normally closed contacts 
34a, contacts 82d, relay contacts 354b to a wire 
355 which leads as shown in Fig. 4 to a wire 356 
connecting one side of each of a series of punch 
operating magnets 357. The accumulator 25 
is also provided with a read-out device similar 
to that which has been described in detail for 
accumulator 250 except for the units order which 
is similar to the other orders. The series of 
stationary contact elements 358 for each digit of 
the read-out device is interconnected by a re 
lated metal strap or wire connection 359 and 
Said straps have wire connections 360 to one 
blade of a series of manually controlled and nor 
mally closed relay contacts 36 fa. The other 
blade to each of Said contacts 36 fa is connected 
to the related punch operating magnet 357. 
The movable contact elements, which take posi 
tions according to the digits entered in the de 
nominational orders of the accumulator 25? are 
designated by reference numeral 362 and each 
of said movable contact elements 362 is con 
nected to a related one of contact points 363 of 
a rotary punch magnet selecting switch shown 
in detail in Fig. 23. The movable switch arm 
which normally contacts with a contact point 
363 connected to the movable contact element 
362 of the highest denominational order is desig 
nated by the reference numeral 364a. The cir 
cuit through the selected punch magnet from 
the rotary switch just described is completed by 
a wire connection 365 which leads from the 
switch arm 364a to a wire 352 which is now con 
nected to the negative line side through contact 
element 744, switch arm f13 and contacts 384 
now closed. 
The rotary switch is shown in Fig. 4 in posi 

tion for determining which punch operating 
magnet 357 will be energized in accordance with 
the differential setting of the movable contact 
element 362 for the highest denominational 
order. If there has been no entry in this order 
ghe circuit will be completed upon closure of con 
tacts 82d (Fig. 2) to the punch operating mag 
net 35To adapted to punch the zero index point 
position of the selected card Column. However, 
if the movable contact element 362 related to 
the highest denominational order has been 
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moved two steps from the position shown in Fig. 
4 SO as to contact with the contact element 3584 
the punch operating magnet 3572 will be ener 
gized and, as will be explained, this will cause 
punching of the card at the “2” index point po 
sition. 
The punching mechanism is best disclosed in 

As best disclosed in Figs. 
10 and 31 the punching mechanism consists, in 
part, of a horizontal plate 366 which is adapted 
to support the series of punch operating magnets 
357 and the plate 366 is adapted to carry a ver 
tically mounted plate 367. The plates 366 and 
36, as best shown in Fig. 31, are connected to 
gether at right angles by means of a transverse 
bar 368 which is fastened to each of the plates 
366 and 367 by any suitable fastening means. 
The plate 367, as best shown in Fig. 10, is adapt 
ed to be guided in the lateral movement of the 
punching mechanism by means of a stationary 
bar 369 and the framework of the punching 
mechanism is further guided by causing the bar 
868 to slide upon a stationary rod 370. 
As best shown in Figs. 10 and 31, the vertical 

plate 367 carries a punch guiding block or card 
Stripper 37 and a punch die 372 both of these 
elements having a separation through which the 
card to be punched passes. The movable core 
7 of each punch operating magnet 357 has 

a bell Crank operating connection 374 to the 
related punch 375 whereby the selected punch is 
adapted to be moved downwardly and perforate 
the card at the selected point position. Each 
punch as best shown in Fig. 31 is provided with 
in pin 36 adapted to rock a pivotally mounted 
ball 377 against the action of a spring 378 so 
that said spring after the deemergization of the 
Selected punch operating magnet will force the 
Operated punch 75 to normal position and out 
of cooperation with the card. The bail 3TT car 
res a plate 88a of insulating material and said 
plate as it moves downwardly is adapted to per 
nit contacts 5 to open and cause the closure 
of contacts 380. The opening of contacts is is 
effected by permitting its lower blade to move 
away from the upper blade and the closure of 
contacts 80 is effected by causing the plate STB 
to depress the upper blade of the contacts 380 

The function of these con 
tacts will hereinafter be pointed out in connec 
tion with Fig. 2 where they are also shown. 

In order to cause a lateral positioning of the 
punching mechanism the block 368, as best 
shown in Fig. 5 and Fig. 10, is adapted to be 
threaded so as to receive a worm screw 38 and 
the latter is provided with a crank handle 382 
at its extremity. By manually turning the crank 
handle 382 the punching mechanism may be 
shifted laterally so as to correlate the series of 
punches 375 with the index points of the first 
column of the selected columns which consti 
tutes the highest denominational order to be 
punched. 
The punching mechanism is, however, held 

stationary during the punching operation but 
the card is fed in a step-by-step manner after 
each column is punched. 
When the ball 37 is depressed contacts 380 

will be closed thereby effecting a circuit connec 
tion from the negative line side 3 (Fig. 4) 
through contacts 52 which are now closed be 
cause the brushes are elevated, to contacts 380, 
thence by a wire 383 to the punch control relay 
magnet 354, one side of the relay magnet being 
connected to the positive line side 4, When the 

2,224,774 
relay magnet 35 is closed a stick circuit will be 
provided for said relay magnet from the wire 383 
to relay contacts 354a, which are now closed due 
to the previous energization of relay magnet 35, 
relay contacts 347b which are normally closed, 
and contacts 384 now ciosed, one blade of the 
contacts 384 being connected to the aegative line . 
side f3. When the relay magnet 354 is ener 
gized relay contacts 354b (Fig. 2) will be opened 
thereby opening the circuit to the selected punch 
operating magnet 357 whereupon the punch that 
has been operated will be returned to normal 
position by the action of the spring 378 (Fig. 31), 
Since the first column has been punched, it is 

necessary now to Space the card the distance of 
one card column and this is effected by means of 
a spacing magnet 385 (Fig. 2), the circuit for 
said magnet being from the positive line side 4 
through normally closed contacts 34a, relay 
contacts 82d now closed since relay magnet 82 
is energized, relay contacts 354c closed since 
relay magnet 354 is still energized, the spacing 
control magnet 385 which is connected to the 
negative line side 3 through the contacts 5 
and the contacts 52. The latter are closed be 
cause the brush carrying frame is now elevated. 
Since the bail 3 is now in its upward posi 

tion (Fig. 31), the contacts 5 will be closed so 
that the circuit to the spacing control magnet 
385 will only be made when the punch operated 
is withdrawn from the card. 
The means for spacing the card to be punched 

O 

column by column is best shown in Figs. 9 and . 
11 where it will be seen that the spacing control 
magnet 385 when energized draws within its 
movable core 386 thereby rocking a bell crank 
387 connected thereto. The bell crank is piv 
oted by a screw 388 on an arm 389 which is piv 
oted to the framework at 390. The initial nove 
ment of the core 88 will rock the bell crank so 
that an integral lug. 39 will engage with one 
of the teeth 92 of the ratchet disk 63. Further 
movement of the core will cause the rocking of 
the arm 389 and the movement of the lug 39 
to the right thereby turning the ratchet disk 
63 sufficiently so that the feeding tape 65 will 
feed the card the distance of one column. It 
is further pointed out that the in 62 has pre 
viously been moved out of coaction with the 
shoulder 60 due to the initial card feeding op 
eration thereby permitting the independent step 
by step movement of the disk 63. 
When the magnet 385 is energized the con 

tacts 384 will be opened thereby opening the 
circuit to the relay 354 (Fig. 2). 
When relay magnet 354 is deenergized relay 

rinntacts 5c will open causing the opening of 
the circuit to the spacing magnet 385 permit 
ting the lug 39 to be shifted to normal pre 
naratory to the next card spacing operation. 
Relav contacts 354b now cose, thus causing the 
closure of the circuit to the next selected punch 
magnet 357 concurrent with the shifting of the 
switch blades 364a and 364b now to be described. 
The deemergization of relay magnet 354 will 

rase the Opening of the relay contacts 354a 
(Fig. 1) thereby opening the circuit to the punch 
Switch magnet 853 to cause the selection of 
the next punch operating magnet under control 
of the read-out device (Fig. 4) of accumu 
a for 2 . . 
The details of the rotary switch for suc 

cessively selecting the punch operating magnets 
are shown in Figs. 22 and 23 and comprises a 
well known form of rotary switch utilized to a 
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large extent in telephone work. The armature tacts 2 which are also closed thus completing the 
393 of the magnet 353 when attracted rocks an 
arm 394 integral therewith to . the right as 
viewed in Fig. 23 thereby causing a spring blade 
395 to be moved so that its operating end will 
move upwardly and to engage a successive tooth 
of a ratchet wheel 396 movable with the switch 
arms. 364a and 364b. Upon the deemergization 
of the magnet 353, which occurs after the card 
spacing operations has been effected, a spring 
397 connected to the armature. 393 and previous 
ly tensioned will cause the movement of the 
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arm 394 and the blade 895 to the left turning 
the switch arms. 364a and 364b simultaneously 
in a clockwise direction so that the switch arm 
364a now leaves the first switch point 363 and 
the switch arm 364b makes contact with the 
switch point correlated with the read-out de 
vice for the billions denominational order there 
by selecting the punch operating magnet 35 
under control of the read out device of accu 
mulator 25 for the billions denominational 
Order. 

In the manner just explained the results stand 
ing on the accumulator 25? will be read out order 
by order and the card columns punched succes 
sively so that there will be punched upon the 
card the result standing on accumulator 25l. 
The punching machine is also provided with a 

cycle limiting device thereby terminating punch 
ing operations when the desired number of digits 
has been punched. This mechanism will now be 
explained in detail. 
The cycle limiting device is shown diagram 

matically in Fig. 3 and corresponds to the section 
398 (Fig. 22) of the rotary switch and the actual 
mechanical construction is precisely the same as 
that disclosed in Fig. 23. Since in the example 
assumed the final result involves seven digits to 
terminate punching operations after the digit of 
the lowest order has been punched, a plug 399 
(Fig. 3) is inserted in one of a series of sockets 
400 and into that socket which in numerical or 
der is one greater than the number of digits 
which are to be punched. Upon the seventh step 
of movement of the switch arm 40 (movable 
With the switch arms 364a and 364b, Fig. 4), con 
tact point 4028 will be engaged thereby complet 
ing a circuit extending from the negative line 
side 3, switch arm 40 , contact point 4028, socket 
4008, plug 399 and thence by a wire 403 to the 
punch limit relay magnet 347 (Fig. 1) one side 
of the latter being connected as shown in Fig. 1 
to the positive line side f4. When the relay 
magnet 347 is energized, it will open its relay 
contacts 347a (Fig. 2) thereby opening the circuit 
355 leading to the series of the punch operating 
magnets 357 and also causing by the opening of 
contacts 347 a the relay magnet 82 (Fig. 2) to be 
deenergized. 
The energization of the relay magnet 347 will 

also cause its relay contacts 347b (Fig. 2) to be 
opened thereby opening the circuit to the relay 
magnet 354 and causing the latter to be deener 
gized. Furthermore, relay contacts 347 c (Fig. 1) 
will also be closed thereby completing the circuit 
to the card feed clutch magnet 40 which ex 
tends from the positive line side 4 through con 
tacts 6a, stop key contacts 7, the clutch con 
trolled contacts 48 now closed, relay contacts 
347c now closed, the card feed clutch control 
magnet 40, contacts 82C (Fig. 3) now closed be 
cause relay magnet 82 is deemergized, and the 
Wire 50 which leads as shown in Fig. 2 to the 
contacts 5 which are now closed and the Con 

circuit to the negative line side f3. The card 
feed clutch will now be engaged so as to cause 
the feeding of the card which has just been 
punched out of the machine and into a supply 
hopper 403 (Figs, 5 and 37). Coincidentally 
therewith a successive card will be fed out of 
the supply hopper 44 and into card analyzing po 
sition so that calculating operations carried out 
in the manner just described will take place for 
the next card. In the event that there is no 
card in the hopper 44 when the punched card is 
ejected, contacts 48 (Fig. 1) will be open thus 
preventing the energization of the accumulator 
operating clutch control magnet 3 when the 
contacts F-2 close. The machine will there 
upon be automatically stopped in its Operation. 

It is also necessary to return the rotary Switch 
shown in Fig. 23 to its normal position and this 
is effected by transmitting a series of electrical 
impulses to the magnet 353 whereupon the switch 
arms for the punch selecting device shown in . 
Fig. 4 and the punch limiting device shown in 
Fig. 3 will be returned to normal position. 
To effect this operation a third section 404 

(Fig. 22) of the rotary switch is employed and is 
similar in construction to the sections previously 
described. In the event that the switch arm 40 
(Fig. 3) and the switch arms 364a and 364b 
(Fig. 4) have been moved from normal, a Switch 
arm 405a (Fig. 3) movable therewith will engage 
with one of a series of electrically interconnected 
contact points 406. In Figs, 3 and 23 reference 
numeral 407 designates normally closed contacts. 
During the operation of the shaft 79 which it will 
be remembered operates during the feeding of 
the card a cam carried thereby will cause the 
closure of contacts F-3 thereby extending a cir 
cuit from the negative line side through the cam 
controlled contacts F-3, through the normally 
closed contacts 407, the switch arm 405a to one of 
the contact points 406 and thence by a wire 408 
to the wire 348 which leads, as shown in Fig. 1, 
to the punch operating switch magnet 353, the 
other side of said magnet being connected to 
the positive line side through relay contacts 354a 
which are now closed because relay magnet 354 
has previously been deemergized. Therefore, an 
impulse will be transmitted to the magnet 353 
which, as shown in Fig. 23, will thereupon rock 
its armature 393 and by means of a button 409 
carried by the arm 394 contacts 407 will be 
opened resulting in the deemergization of the 
magnet 353. This in the manner previously ex 
plained will cause all the switch arms of the 
rotary switch to be moved one step in a clock 
wise direction. This operation will be repeated 
until the pair of Switch arms 405a and 405b are 
in such position that none of the contacts 406 
will be contacted at which time the circuit to the 
operating magnet 353 will be opened. 
Furthermore, when the card feed clutch con 

trol magnet 40 (Fig. 1) was energized by the 
circuit connections previously outlined a magnet 
40 in parallel connection therewith will be en 
ergized and as shown in Fig. 21 will rock its ar 
mature 4ff, the armature being provided with 
the integral retrograde preventing element 264. 
The latter will be moved out of cooperation with 
the ratchet wheel 263 permitting a spring 42 to 
be active to return the switch arm 3 to the 
normal position shown in Fig. 21. 

Resetting of accumulators 
The accumulators with their related read-out 
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devices are zeroized when the last computation and the result multiplied by a multiplier amount 
has been finished and after the card has been 
punched. S. 

To this end the shaft 56 (Fig. 6) has a bevel 
gear connection $25 to a shaft 622 and by means 
of a sinlar bevel gear connection 23 the ac 
cumulator reset shaft 62 is driven. The reset 
shaft 424 is shown in Fig. 24 and is common to 
both accumulators and corresponds to the reset 
shaft designated by runeral 379 in Patent No. 
600,414 to C. D. Lake, dated September 2, 
926. By means similar to that disclosed in this 

patent the accumulators are simultaneously set 
to zero, or selectively by the usual manually po 
sitioned reset clutch, is so desired. 
Calculating operations of various combinations 
The present machine is adapted to perform 

calculating operations either of one type or the 
combination of the two already described and are 
carried out in the manner now to be described. 

Eacample 1-(Multiplication alone.) 
Equation: AXB-X where A and B have each 

four digits. 
Keys: The keys depressed are Xi and T. 
Plugging: Shown in Fig. 41. 
- The total keys 43 (Figs. 17 and 26) are des 
ignated '? and I and are used, respectively, 
when One or two computations are to be made. 
The key T is adapted to close contacts 44 
(Fig. 4) while key Ta closes contacts 45 and 
both close the circuit to the Wire 348. After 
multiplication has been completed the move 
ment of switch arm 3 to contact with contact 
element 42 will through contacts 4 effect 
card punching operations in the same manner 
as that previously described in connection with 
the movement of switch arm 3 to contact with 
contact element 4. Contacts 45 will also 
cause punching operations when two computa 
tions have been effected. The product will be 
punched on the tabulating card from which the 

. factors were derived. 
Escampile 2.--Cross adding calculation alone. 

Result positive since no subtractive item occurs. 

Key depressed: When no subtractive item Oc 
09 

07 

curs, key -- 1, key Ti. 
Plugging: Shown in Fig. 42 for the last equa 

tion. Note, only accumulator No. 2 is utilized. 
... Eacample 3-(Cross algebraic calculation alone 
with one or more subtractive items.) 

Equation: A-B-C-D-E-F-G--H=+x 
Key depressed: Key 1, key N.B., key T. 
Plugging: Shown in Fig. 43. Note, both ac 

cumulators are utilized. 
Key Ta is depressed to cause the punching of 

the result and the result will be punched auto-e 
matically, as previously described. Key Ta must 
be depressed as in One vertical column (Fig. 17) 
only one NB or T key may be depressed as one 
depressed will automatically release the other 
previously depressed, 

Eacample No. 4.-(Cross algebraic calculation 
of one or more amounts when result is positive 

Keys depressed: With subtractive item, key X1, 

tion device. 

on the card.) 
Equation: (A-B-C-D-E-F-G-I-H) I=X 
Key depressed: Key it, key Xa, key T2. s 
Plugging: Shown in Fig. 44. 

Note: In this type of calculation the multi 
plicand is not received from the card but from 
the read-out device of accumulator 250. The 
multiplicand sockets have a plug connection 50 
to the sockets 342 of the read-out device instead 
of being received by the plugs 3 (Fig. 3) related 
to the card columns. When a particular contact 
2 (Fig. ) is closed the circuit will lead from 
the positive line side 4, normally closed relay 
contacts sle, relay contacts 83b, now closed, 
the closed contacts 27 involved in a particular 
digit representing line f89, thence by a wire 34 
to the particular digit contact 33 engaged by 
the differentially moved contact element 336 and 
plug socket 842. The circuit then extends by a 
wire in the plug connection 50 (Fig. 44) to the 
correlated socket 89 (Fig. 1), wire T, contact 
elements 44-45, wire 22, socket 228, cable 
229 to a socket 343 of accumulator. 25 (Fig. 4), 
leading through an associated relay contact 50 a 
to a correlated accumulator control magnet 332, 
thence by wire 232 to the negative line side. 
Hence the readout device of accumulator 250 
may be utilized to represent a multiplicand in 
stead of deriving it from a card field. 

Eacampile No. 5.-(Multiplication of two fac 
tors on a card with a series of amounts effected 
by cross calculation added to the product.) 
Equation: (AXB) --C--D--E=F. 
Keys depressed: Key X1, key -2, key Ta. 
Plugging connections: shown in Fig. 45. Note 

use of a series of plug sockets 503 for ac-10 
cumulator #2. See also Fig. 4. 

Eacampile No. 6.--(Multiplication of two fac 
tors on a card with a series of amounts effected 
by cross calculation added or subtracted from 
the product with result either positive or nega 
tive,) 

Equation: (AXB) -+-C-+-D-E=F. 

O 

s 

key 2, key Na. O 
Plugging connections: Shown in Fig. 17. Note, 

accumulators - #2 and #1 are utilized. See 
punched result on card shown in Fig. 25. 

Dividing mechanism. 
While the multiplying mechanism and the 

cross calculation device will take care of, by far, 
most commercial requirements the usefulness of 
the machine will be enhanced by the provision 
of a dividing mechanism. As will be explained 
later in connection with examples this mecha 
nism may be used alone or in combination with 
the multiplying nimechanism or the cross calcula 

S 
The quotient result of division is always 

entered in accumulator 25 and if division is the 
first calculation to be performed then other 
amounts may be subsequently entered therein 
but if other amounts derived as a result of cross to 
calculation or multiplication have been entered 
in accumulator 25 the quotient amount may be 
subsequently entered therein. 

The detalls of the electrical devices of the di 
viding mechanism are shown in Fig. 2 while rs 
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Figs. 27, 28 and 35 show the details of the Col 
umn shift devices. 
Reference numeral 426 in Figs. 4, 17 and 26 

designates three division controlling keys one of 
which is depressed and locked in depressed con 
dition prior to machine Operations to close its 
related contacts 427. The particular key 426 de 
pressed will depend upon when division is to be 
performed in a series of computations. 
sure of one of the contacts 427 when the Switch 
arm 3 (Fig. 4) engages the contact point 74 
electrically connected to the particular contacts 
427 closed will extend the negative side of the line 
to a magnet 428 (Fig. 2) by a wire 429. The 
other side of said magnet is connected by a wire 
430 to cam controlled contacts C-2 one blade 
thereof being connected to the positive line side. 
The dividend, which is assumed to be the num 

ber -758- and perforated in columns 2-23 has 
the related metal tracks 88 (Fig. 4) associated 
with the columns in which the dividend is per 
forated connected by a series of plug connecting 
wires 43 to desired sockets of a series of dividend 
receiving sockets 432 (see Figs, 2 and 47). Said 
sockets are connected to a series of ten stationary 
contact elements 433 (Fig. 28) carried by a bar 
434 (Fig. 35). Normally contacting with the ele 
ments 433 is a series of ten movable contact elle 
ments 435 (Figs, 2 and 28) carried by a movable 
bar 436 (Fig. 28). The movable contact elle 
ments 435 have wire connections 437 to a Series 
of contact points 438 carried by a stationary bar 
44 (Fig. 35). 
A series of ten contact elements 440 carried by 

a bar 439 (Fig. 35) movable step by step as 
dividing operations ensue are normally out of 
cooperation with the ten contact elements 438 but 
upon a half step of movement of the bar 439 the 
desired electrical contact will be made to initiate 

40 dividend entry operations. The ten contact elle 
ments 440 have individual wire connections in a 
cable 442 (Fig. 2) to ten of the accumulator con 
trol magnets 23 starting from the units to the 
next to the highest denominational order of the 

45 accumulator 250. The connection for the elev 

50 

enth or highest denominational order will be ex 
plained later and this order corresponds to the 
accumulator control magnet 2311 at the extreme 
right in Fig. 2. 
The connections in the cable 442 are so made 

that when the plug connections 43 are made the 
dividend entry Will be made in the den Ominational 
orders of the accumulator beginning at the next 
to the highest order. The accumulator control 

is magnet of the highest order or 23.11 has a wire 
connection to the movable contact element 443 
(Fig. 2) normally out of contact with the first 
contact element at the right of a series of eight 
stationary contact elements 444 (see Fig. 27). 

Understanding that one set of contacts 427 
have been closed by the depression of a division 
controlling key 426 those which are effective will 
extend the circuit from the negative line side by 
wire 429, by a wire 445 to a magnet 446 (see Fig. 
35) which in the manner explained in connection 
with multiplying operations will rock a pawl 447 
and an arm 448 on which the pawl is pivoted so 
that upon a shift of the pawl 447 to the left 
the bar 439 will be moved a half step to the left 
engaging the contact elements 440 and 438. 
The magnet 446 is connected to the positive 

line side through normally closed contacts con 
stituting as shown in Fig. 28 a movable contact 
element 449 carried by the bar 436 and a station 
ary COntact element 450 and cam controlled cOn 

The clo- i 

21 
tacts C-3 which are closed early in the cycle to 
cause the initial half shift of the bar 439. 

During the initial part of the first machine 
cycle and during the first accumulator operating 
cycle the additive section 303 of the emitter 
will function so as to cause the transmission of 
electrical impulses to the accumulator control 
magnets 23 connected for operation at differen 
tial times in accordance with the dividend repre 
Sentation. So that the dividend will be entered in 
the ten Orders of the accumulator 250 to give the 
following representation: 

O7580000000 
After the dividend entry the divisor is sub 

tracted one or more times by the entry of the 
tens complement until an overdraft is reached 
which will terminate divisor subtracting opera 
tions for one quotient digit and cause the re 
entry of the divisor as a positive number in the 
accumulator 250. 
The divisor is assumed to be the number -25 

and as shown in Figs. 4 and 2 the metal tracks 
88 of the columns perforated to represent the 
divisor have plug connections 45? to a series of 
divisor Sockets 452 (see Fig. 17). The latter have 
connections to a series of stationary contact ele 
ments 453 (Figs. 28 and 35) so that by moving 
the bar 436 the movable contact elements 435 can 
make contact with the contact elements 453. 
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The plug connections 45f are so made that the 

digit of the highest denominational order of the 
divisor, or "2' in the example assumed will be 
Subtracted by the entry of the tens complement 
from the digit of the highest denominational 
Order of the dividend number (758) or from “7' 
in the example assumed. There is a fewer num 
ber of divisor sockets 452 provided than dividend 
Sockets 432 as the divisor is usually smaller in 
number of denominational orders. 

It will be seen from Fig. 2 that when cam con 
trolled contacts C-2 close after the dividend 
entry the circuit will be completed from the posi 
tive line side 4 through said contacts and by the 
wire 430 to the magnet 428 and thence as previ 
ously described to the negative line side 3 ener 
gizing the same and causing the shift of the bar 
436. Thereupon the bar 436 carrying the con 
tact element 454 (Fig. 28) will cause the latter 
to make contact with a stationary contact element 
455 and since these are shunted across the cam 
controlled contacts C-2 as shown in Fig. 2 
magnet 438 will be held energized. As a result of 
the movement of bar 436 the contact elements 
49 and 450 will be separated thus preventing 
the reenergization of the magnet 446 until relay 
contacts 459d are closed as will be later explained. 
The bar 439 will, however, be held in its shifted 
position by a retrograde preventing pawl 456 
(see Fig. 35). 
As shown in Figs. 4 and 28 upon the movement 

of the bar 436 to the left the movable contact 
element 457 will engage with the stationary con 
tact element 458 thereby extending the circuit 
from the previously closed contacts 427 through 
relay contacts 459a now closed, contact elements 
457 and 458, wire 296 to the relay magnet 290, 
the latter being connected to the positive line 
side 4 through the relay contacts 298c, now 
closed. Hence relay magnet 290 will now be 
energized to cause the closure of relay contacts 
290b and the selection of the negative section 
304 of the emitter. In the manner previously ex 
plained for complement entries in cross calcu 
lation the digit "2" of the highest order of the 
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23 
order of accumulator 25. This operation can given a shift of a unit and the last remainder 
be described as follows: 
97580000000 False quotient 4. 
25 9 

00080000000 True quotient digit-3- as the 
'1' Will not be carried 

To prevent the carrying of one order to another 
as would occur above the entire transfer mech 
anism for the quotient receiving accumulator 25 
is rendered inoperative by the following described 
8S 
The transfer mechanism, as previously stated, 

is well known in the art and reference numeral 
473 designates in Fig. 38 one of the transfer arms 
which is released for operation by its spring 44 
when a lower order wheel passes through '0' 
Its subsequent operation by the ball 2 would 
cause a transfer operation. For accumulator 25 
there is provided a magnet 45 which is energized 
when magnet 428 is energized, since as shown in 
Fig. 2 it is in parallel therewith. 
When magnet 475 is energized it will rock an 

armature 476 and an attached plate 47 which 
is bent so that its extremity will pass in front 
of all the lugs 478 of all the transfer arms 
thereby preventing their release, Hence no 
transfer will occur and the first order of the 
accumulator 25 will exhibit the true quotient 
digit or '3.’ 
At the beginning of the next accumulator cycle, 

in the example assumed, cam controlled contacts 
C-3 will close thereby extending a circuit from 
the positive line side, through relay contacts 459d 
now closed to the magnet 446 thereby energizing 
the same and causing the bar 439 to be moved 
a distance of a complete step. Thereupon con 
tacts 47 will be opened to cause the deenergiza 
tion of relay magnet 459. Since its relay con 
tacts 459a (Fig. 4) now close magnets 290 and 
46 will be energized again causing the selection 
of the negative section 304 of the emitter. This 
calculating operation can be expressed as follows: 

00080000000 
9975 

9983OOOOOOO Quotient digit '1' 
intens Order. 

It will be seen that since both the contact ele 
ment 443 and the contact element 440 at the 

5. 

s 

70 

extreme left (Fig. 2) now engage with two of 
the contact elements 444 the two highest de 
nominational orders of accumulator 250 will each 
receive a '9' as shown above. Due to the post 
tion of bar 439 the feeler 488 will now select the 
units order of the quotient accumulator for a 
unit entry. 
As an overdraft is immediately reached the 

dividend accumulator will be restored to a posi 
tive condition by an addition Operation expressed 
as follows: 

99830000000 Quotient digit “1” 
OO25 9 

Remainder: 00080000000 For quotient digit -0- 
Accumulator 250 will exhibit the remainder 

-0008- and the quotient -30- will be exhibited in 
accumulator 25. 
After the last quotient digit has been derived 

the machine goes through another cycle of Oper 
ation and since the accumulator is now in a 
positive condition the subtraction operations will 
be repeated as before. That is, the bar 39 is 

will have added thereto the tens complement of 
the divisor and while this may affect the re 
mainder this is of no importance since it is not 
utilized. There will be, however, no entries to 
the accumulator 25 since the contact element 
48 (Fig. 2) now engages the third contact point 
46, from the right in Fig. 2. The unit impulse 
sent to the wire 65 from the negative section 
04 of the emitter by the circuit previously de 

scribed will be extended by a cycle limit plug 
connection 479 (Fig. 2) to cam controlled con 
tacts C-5 which are connected to the wire 252. 
This will cause by circuit connections previously 
described the energization of a magnet 480 (Figs. 
1 and 4) which will rock the retrograde prevent 
ing pawl 456 (see Fig. 35) thereby permitting a 
Spring 480a (Fig. 35) to return bar 439 to nor 
mal Position. The magnet 260 in parallel con 
nection. With magnet 480 causes the switch arm 
3 to move from contact 741 to 74a as has been 

previously described thus breaking the stick cir 
cuit holding magnet 428 energized. 
The punching and other operations that take 

place when an impulse is sent to wire 252 have 
previously been described in connection with the 
description of the multiplying and cross calcu 
lating mechanism. 
As best shown in Figs, 2 and 35 the bar 436 

carries a contact 482 which is brought out of 
contact with a contact 483 on the stationary bar 
434 when magnet 428 is energized. These safety 
contacts merely open the circuit from Wire 323 
to the plugs 324 preventing the possibility of 
improperly transmitting impulses to certain ac 
cumulator control magnets 23 when effecting 
division operations, since these magnets might 
have been connected to control the entry of nines 
for cross calculating operations. 

Eacamples of some calculating operations 
involving division 

There will now be explained, by way of ex 
amples, Some of the calculating operations in 
volving division that can be performed by the 
present machine: 

Eacamaple No. 6.-Division alone. 
Equation: 

A. 
?=X 

Keys depressed: Key --, and key T. 
Plugging connections: Shown in Fig. 46. 

Eacample No. 7.-Division and cross calculation 
With the quotient result entering as an item in 
cross calculation. 
Equation: 

or a lesser number of items of croSS calculation. 
Keys depressed: Key --1, key 2 and key Ta. 
Plugging connections: Shown in Fig. 47. Note, 

the special plug connection 505 for entering 
a '9' in the highest denominational Order 
of accumulator #2 in Subtraction. 

í Eæample No. 8.-Division and multiplication 
with the quotient added to the product of multi 
plication. 
Equation: 

Keys depressed: Key --1, key Xa, key Ta. 
Plugging connections: Shown in Fig. 48. 
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Erample No. 9.-Cross caculation, then divi 

sion to cause the result of the former to be added 
only to the quotient. 
Equation: 

Keys depressed: Key 1, key --2, key far 
Plugging connections: Shown in Fig. 49. 

Eacample No. 10-All calculating operations 
such as subtraction, addition multiplication, divi 
sion effected automatically and result entered in 
one accumulator. 
Equation: 

Keys depressed: Key --1, key Ka, key 3. 
Plugging connections: Shown in Fig. 50. Note 

the special plug connections 06 from the 
two '9' plug sockets 324 to certain plug sock 
ets 280 of the row involving the subtractive 
item. By the plug connection 28 '9' are 
entered in the two highest denominational 
orders of accumulator #2 in subtraction. 

Checking device 
After a calculation or a series of different cal 

culations have been performed and the result is 
punched on a card, to determine the accuracy in 
punching the result the card is again passed 
through the machine and the calculation is re 
peated but with the checking device in operation 
the re-calculated result in accumulator 25 is 
compared with the result of the first caliculation 
and previously punched on the card. 
As verification is obtained in all columns the 

card will be fed step by step as the comparing 
operation continues but upon the determination 
of a non-identity between a digit representation 
of a card column with the digital result in the 
correlated denominational Order of the accumul 
lator card feeding will be terminated. 

Reference numeral 36 in Fig. 4 designates the 
magnet of a relay which is adapted to open the 
series of contacts 36 fa (Fig. 4), open the relay 
contact 36 c (Fig. 1) and close a series of Con 
tacts 36 lb (Fig. 4) thereby connecting in the 
readout device of accumulator 25 the series of 
contact points 358 of a particular digit to a re 
lated digit line 89 by a wire connection 486. 
The relay contacts 36c are opened to prevent 
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the establishment of false circuits by the emitters 
or multiplier control drum 24. The checking 
switch ever 484 (Fig. 37) which comprises a 
three pole switch is also adapted to close Con 
tacts 487 and 488 (Fig. 4) and 489 (Fig. 2) when 
shifted to operated position. 
As shown in Fig. 4 if the 26th column was the 

first or highest order column punched to repre 
sent the result, with the set of punches 75 shift 
ed out of the way, a brush unit of the type shown 
in Fig. 16 will be set in place and the plug 490 of 
the track 88 of the correlated column will be en 
tered into a socket 49 (see Fig. 17). The socket 
49 has a wire connection 492 which is connected 
as shown in Fig. 2 to one side of the punch control 
relay 354. 

It will be recalled that as previously stated 
when the punching mechanism is selected for 
operation in the manner previously described the 
magnet 82 (Fig. 2) is energized When can con 
tacts C-4 (Fig. 2) close thus causing relay mag 
net 36 to be energized since it is in parallel 
therewith as contacts 85 are closed. Also when 

switch arm 8 contacts with a selected point 
(Fig. 2) as previously stated, magnet 49 (Fig. 
16) is energized to permit the brush units to be 
elevated so that the brush unit correlated with 
the card column punched is also elevated above 
the related track 88. The relay magnets 82 and 
36 are energized simultaneously but the relay 
contacts 2d are timed to close preferably, after 
the relay contacts Sla are opened and relay 
contacts 36 b closed. 
When relay contacts 82d close due to the ener 

gization of relay magnet 82 by the closure of can 
controlled contacts C-4, a circuit will be made 
from the positive line side f, relay contacts la 
normally closed, relay contacts 82d now closed, 
relay contacts 354b normally closed, wire 35, to 
the contacts 488 (Fig. 4) now closed, to a magnet 
493 and thence by wire 52 to the negative line 
side by the selected contact 4 and Switch arm 
73 through contacts 84 now closed. 
The energization of magnet 498 will, as shown 

in Figs. 5, 9, and 16, draw its core downwardly 
so that by a link 49 connected between the 
core and an arm 895 (Figs. 5 and 9) the shaft 96 
will be rocked since the arm 495 is connected to 
said shaft. Hence the brushes will be depressed. 

If the first column was punched to represent 
the digit '2' the movable contact element 362 at 
the extreme left (Fig. 4) would be engaged with 
the contact point 3582 and the circuit would be 
made as follows: From the negative line side by 
switch arm 3, and the Selected contact point 
74, wire 352, wire 365, the switch arm 364a, 

switch point 363, movable contact element 362, 
contact point 3582, and thence to the related digit 
line 89 through the closed contacts 86a and 
related wire 486. Since the Column is assumed 
to be perforated at the '2' position the digit line 
892 will be electrically connected to the metal 

track 88 selected for checking through the brush 
at the '2' index point position. The circuit 

now extends from the plug 490 and socket 49 by 
wire 492 to the punch control relay 354 to the 
positive line side 4, causing it, upon an identity, 
to be energized. The energization of the latter 
will cause relay contacts 854c to be closed (Fig. 
2) and cause the Space control magnet 385 to be 
energized to feed as previously described the card 
one step ready for the next comparison. At the 
same time relay contacts 354b open to cause mag 
net 493 to be deemergized and thus the brushes 
are raised to permit the free feeding of the card. 
Thereupon the next column is selected for 

comparison purposes with the next order of the 
accumulator 25 due to the stepping of the 
switch levers 364a and 364b one step. The oper 
ation is similar to those described for punching 
except that the magnet 493 which depresses the 
brushes is energized at the times that the selected 
punch operating magnet 357 would be. 

If the circuit is not completed due to failure 
in identity of the digit expressed on the card 
and the order of the accumulator compared 
therewith the space control magnet 885 will not 
be energized and the comparison operations will 
stop. By depression of a key 496 (Fig. 4) to close 
contacts 49 the circuit from the relay magnet 
54 to the negative line side 3 will be com 

pleted by the contacts 497 and the previously 
closed contacts 48. This will initiate the opera 
tion of the checking device but this manual op 
eration will be an indication of the failure of an 
absolute comparison and an indication of either 
an improper punching or calculation, 
While there has been shown and described and 
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pointed out the fundamental novel features of 
the invention as applied to a single modification 
it will be understood that various omissions and 
substitutions and changes in the form and de 
tails of the device illustrated and in its operation 
may be made by those skilled in the art without 
departing from the spirit of the invention. It is 
the intention, therefore, to be limited only as 
indicated by the scope of the following claims. 
What is claimed is: 
1. In a calculating machine, means for an 

alyzing a card at rest comprising a plurality of 
sets of analyzing means, One set for each card 
field and each set comprising a plurality of col 
lumns of analyzing elements, an accumulator, 
cross totalizing means comprising means for 
causing said analyzing elements of said sets to 
Control and direct in succession under control 
of One set after another the entry of values rep 
resented by said fields into said accumulator. 
means settable by the Operator for predetern 
mining the number of sets of analyzing means 
effective for cross totalizing Operations, supple 
mental analyzing means for analyzing said card 
comprising a plurality of columns of analyzing 
elements for analyzing a card field representing 
a factor of multiplication, multiplying devices as 
sociated with said supplemental analyzing means 
and said accumulator for effecting the multipli 
cation of said factor and the other factor repre 
sented by said accumulator, a product receiving 
accumulator controlled thereby in which the 
product is formed, and means for initiating and 
effecting the operation of said multiplying means 
upon completion of cross totalizing operations for 
predetermined card fields. 

2. In a calculating machine for performing 
cross-totalizing operations, means for analyzing a 
plurality of fields of value representing designa 
tions on a single card, an accumulator, means 
for effecting under control of said analyzing 
means cross-totalizing operations from Said fields 
of the card by entering the values in said accumul 
lator, means for causing values from predeter 
mined fields of said card to be entered in said ac 
cumulator subtractively to derive a balance which 
may be either a true number or a complement, a 
supplemental accumulator, transfer means for 
transferring the balance from the first named 
accumulator to said supplemental accumulator 
as a true number, transfer means for transferring 
the balance from the first named accumulator to 
Said supplemental accumulator as a tens comple 
ment, means under control of the first named 
accumulator for selecting the transfer means ef 
fective for a transfer operation, means for pre 
determining the number of fields effective for 
cross-totalizing operations, and means controlled 
by said last named means for initiating the bal 
ance transfer operation under control of the se 
lected transferring means, 

3. In a calculating machine, an accumulator, 
means for analyzing designations arranged in a 
plurality of card fields on a card representing a 
plurality of values, means for effecting the suc 
cessive entry in said accumulator of values de 
rived by said analyzing means from said fields 
of the card, means associated with said accumu 
lator for representing the total therein, a supple 
mental accumulator, means for analyzing said 
card for designations representing a factor in a 
multiplying calculation, devices coordinated for 
automatic operation for multiplying a multiplier 
factor and multiplicand factor and for entering 
a product in said last named accumulator and in 

cluding means for rendering said last named an 
alyzing means effective as a source of one factor 
in the multiplying calculation and for rendering 
said total representing means effective as a source 
of the other factor in the same multiplying cal 
culation, and means for initiating and effecting 
the operation of said last named devices upon 
completion of cross-totalizing operations for said 
card fields. i 

4. In a calculating machine capable of selective 
ly effecting cross-totalizing calculations, multi 
plying or dividing calculations, in combination, 
an accumulator, actuating means therefor adapt 
ed for control from several sources, means for 
analyzing to be calculated data represented on a 
card, devices coordinated for automatic opera 
tion for multiplying a multiplier and multipli 
Cand, and for entering the product in the ac 
cumulator through said actuating means and in 
cluding means for rendering the analyzing means 
effective as a source of the factors in the multi 
plication, devices coordinated for automatic op 
eration for dividing a dividend by a divisor and 
for entering the quotient in the accumulator 
through said actuating means and including 
means for rendering the analyzing means effec 
tive as a source of the amounts used in the divi 
son, cross-totalizing devices for causing said ac 
tuating means to effect the entry in Said accumu 
lator of one or more items derived from the card 
by the analyzing means correlated with one or 
more fields of the card, a plurality of Control ele 
ments each for initiating the operation of the de 
vices for one of said calculations, a plurality of 
preset selecting devices for selecting by a pre 
setting thereof any control element to be effective 
in any One of a Succession of Operations, and 
means cooperating with said selecting devices 
for rendering the selected control elements ef 
fective and in the sequence predetermined by the 
pre-setting of the selecting devices. 

5. In a calculating machine capable of Selec 
tively effecting cross-totalizing calculations, mul 
tiplying or dividing calculations, in combination, 
an accumulator, actuating means therefor adapt 
ed for control from several Sources, means for 
analyzing to be calculated data represented on 
a card, devices coordinated for automatic Opera 
tion for multiplying a multiplier and multipli 
cand, and for entering the product in the ac 
cumulator through said actuating means and in 
cluding means for rendering the analyzing means 
effective as a source of the factors in the multi 
plication, dividing devices coordinated for auto 
matic operation for dividing a divident by a 
divisor and for entering the quotient in the ac 
cumulator through Said actuating means and 
including means for rendering the analyzing 
means effective as a Source of the amounts used 
in the division, cross-totalizing devices for caus 
ing said actuating means to effect the entry in 
said accumulator of One or more items derived 
from the card by the analyzing means correlated 
with one or more fields of the card, a plurality 
of normally ineffective control elements each for 
initiating the operation of the devices for one of 
said calculations, a plurality of Selecting devices 
manually preset prior to an operation of the 
machine for selecting by a pre-setting thereof 
any control element to be effective in any one 
of a succession of operations, and means COOper 
ating with said selecting devices and operable as 
the calculating operations of the machine are 
successively effected by said devices for render 
ing the selected control elements successively 
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effective and in the sequence determined by the 
manual pre-setting of the Selecting devices. 

6. In a calculating machine capable of selec 
tively effecting cross-totalizing calculations, mul 

5 tiplying or dividing calculations, in combination, 
an accumulator, actuating means therefor adapt 
ed for control from Several Sources, means for an 
alyzing to be calculated data represented on a 
card and including means for rendering the an 
alyzing means effective as a Source of data for 
said calculations, devices coordinated for auto 
matic operation for multiplying a multiplier and 
multiplicand, and for entering the product in 
the accumulator through said actuating means, 
devices coordinated for automatic operation for 
dividing a dividend by a divisor and for entering 
the quotient in the accumulator through said ac 
tuating means, cross-totalizing devices for caus 
ing said actuating means to effect the entry in 
said accumulator of one or more items derived 
from the card by the analyzing means correlated 
with one or more fields of the card, a plurality 
of control elements each for initiating the opera 
tion of the devices for one of said calculations, a 
plurality of pre-set selecting devices for Selecting 
by a pre-setting thereof any control element to 
be effective in any one of a Succession of Opera 
tions, and means cooperating with said selecting 
devices for rendering the selected control ele 
ments effective and in the sequence determined by 
the pre-setting of the Selecting devices. 

7. In a calculating machine capable of effect 
ing cross-totalizing calculations and/or multiply 
ing calculations, in combination, an accumulator, 
actuating means therefor adapted for control 
from several sources, means for analyzing to be 
calculated data represented on a card, devices 
coordinated for automatic operation for multiply 
ing a multiplier and multiplicand, and for en 

40 tering the product in the accumulator through 
said actuating means and including means for 
rendering the analyzing means effective as a 
source of the factors in the multiplication, Cross 
totalizing devices for causing said actuating 

45 means to effect the entry in said accumulator of 
one or more items derived from the card by the 
analyzing means correlated with one or more 
fields of the card, a plurality of control elements 
for initiating respectively the operation of said 

50 multiplying devices and said cross-totalizing de 
vices, a plurality of pre-set selecting devices for 
Selecting by a pre-setting thereof any control ele 
ment, and means cooperating with said Selecting 
devices for rendering the selected control element 

55 or elements effective and in a sequence deter 
mined by the presetting of said selecting devices 
when both elements are selected for operation, 

8. In a calculating machine capable of selec 
tively effecting cross-totalizing calculations, mul 

60 tiplying or dividing calculations, in combination, 
an accumulator, actuating means therefor adapt 
ed for control from Several sources, means for 
analyzing to be calculated data represented on a 
card, devices coordinated for automatic operation 

65 for multiplying a multiplier and multiplicand, 
and for entering the product in the accumulator 
through Said actuating means and including 
means for rendering the analyzing means effec 
tive as a Source of the factors in the multiplica 

70 tion, devices coordinated for automatic opera 
tion for dividing a dividend by a divisor and for 
entering the quotient in the accumulator through 
said actuating means and including means for 
rendering the analyzing means effective as a 

75 source of the amounts used in the division, cross 
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totalizing devices for causing said actuating means 
to effect the entry in said accumulator of one or 
more items derived from the card by the analyz 
ing means correlated with one or more fields of the 
card, a plurality of normally ineffective control 
elements each for initiating the operation of the 
devices for one of said calculations, a plurality 
of rows of preset keys, means controlled by the 
keys of each row for selecting any control element 
to be effective in one of a Succession of calculat 
ing operations, and means cooperating in suc 
Cession with said rows of keys for rendering the 
selected control elements effective under control 
of the keys preset and in a sequence depending 
upon the particular key preset in each row. 

9. In a calculating machine capable of effect 
ing computations of two different types in a pre 
determined sequence, in combination, an accumu 
lator, actuating means therefor adapted for con 
trol from several sources, data analyzing means, 
means for retaining said analyzing means in con 
tinued analyzing contact with said card for a 
series of computing operations, devices for ef 
fecting a computation of one type of data com 
prising two factors derived from the card and 
determined from the analysis by the correlated 
analyzing means and for causing said actuating 
means to enter the result of the computation in 
Said accumulator, devices for effecting a com 
putation of another type of data comprising two 
factors derived from the same card and deter 
mined from the analysis by the correlated 
analyzing means and for causing said actuating 
means to enter the result of the computation in 
Said accumulator, a plurality of control elements 
each for initiating tha operation of its devices, a 
plurality of preset selecting devices for selecting 
by a pre-setting thereof any control element to 
be effective in One or the other of a Succession 
of computing operations, and means cooperating 
with said selecting devices for rendering the 
selected control elements effective and in the 
sequence predetermined by the pre-setting of the 
Selecting devices. 

10. In a calculating machine capable of effect 
ing cross-totalizing calculations and dividing 
calculations, in combination, an accumulator, 
actuating means therefor adapted for control 
from several sources, means for analyzing to be 
calculated data represented on a card, devices 
coordinated for automatic operation for dividing 
a dividend by a divisor and for entering the quo 
tient in the accumulator through said actuating 
means and including means for rendering the 
analyzing means effective as a Source of the 
amounts used in the division, cross-totalizing de 
vices for causing said actuating means to effect 
the entry in said accumulator of one or more 
items derived from the card by the analyzing 
means correlated with One or more fields of the 
card, a plurality of control elements each for 
initiating the operation of its devices, a plurality 
of preset selecting devices for selecting by a pre 
setting thereof any control element, and means 
cooperating with said selecting devices for ren 
dering selected control elements successively ef 
fective in a sequence determined by the pre-set 
ting of said selecting devices. 

11. In a calculating machine capable of effect 
ing cross-totalizing calculations with either 
multiplying or dividing calculations, in combina 
tion, an accumulator, actuating means therefor 
adapted for control from several Sources, means 
for analyzing to be calculated data represented 
on a card, devices coordinated for automatic 
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operation for multiplying a multiplier and multi 
plicand, and for entering the product in the ac 
cumulator through said actuating means and in 
cluding means for rendering the analyzing means 
effective as a source of the factors in the multi 
plication, devices coordinated for automatic 
operation for dividing a dividend by a divisor and 
for entering the quotient in the accumulator 
through said actuating means and including 
means for rendering the analyzing means effec 
tive as a source of the amounts used in the 
division, cross-totalizing devices for causing Said 
actuating means to effect the entry in said ac 
cumulator of one or more items derived from 
the card by the analyzing means correlated with 
one or more fields of the card, a plurality of 
settable selecting devices and elements controlled 
thereby for initiating the operation of the cor 
responding multiplying or dividing devices, 
means to initiate the operation of said cross 
totalizing devices, and means cooperating with 
said selecting devices for rendering effective in 
accordance with the setting of the Selecting de 
vices the desired control element upon the con 
pletion of the cross-totalizing operation to there 
by effect the operation of either the multiplying 
or dividing devices in an uninterrupted sequence 
with the operation of the cross-totalizing de 
vices. 

12. In a calculating machine capable of ef 
fecting cross-totalizing calculations and dividing 
calculations, in combination, an accumulator, 
means for analyzing to be calculated data repre 
sented on a card, devices coordinated for auto 
matic operation for dividing a dividend by a di 
visor and for entering the quotient in the ac 
cumulator through said actuating Imeans and ing 
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cluding means for rendering the analyzing means 
effective as a source of the amounts used in the 
division, cross-totalizing devices comprising 
means for successively effecting the entry in said 
accumulator of values derived directly from the 
card by the analyzing means correlated with one 
or more fields of the card, a plurality of normally 
ineffective control elements each for initiating 
the operation of the devices for one of said cal 
culations, means for rendering effective a control 
element related to one of said devices for initiat 
ing the operation of the corresponding devices, 
and means rendered operative by the completed 
operation of said last named devices for auto 
matically rendering said other element effective 
to cause the automatic Operation of the remain 
ing devices, 

13. In a calculating machine for effecting mul 
tiplying calculations and cross-totalizing calcula 
tions, the combination with an accumulator, of 
actuating means therefor adapted for control 
from several sources, means for analyzing repre 
sentations of multipler and multiplicand data 
on a card and for analyzing a plurality of fields 
of data representations on the same card, means 
for retaining Said analyzing means in continued 
analyzing contact with said card during multi 
plying and cross-totalizing calculations, devices 
coordinated for automatic operation formultiply 
ing a multiplier and multiplicand, and for enter 
ing the product in the accumulator through said 
actuating means and including means for ren 
dering the analyzing means effective as a source 
of the factors in the multiplication, cross-totalize 
ing devices comprising means for directing the 

27 
entry of values derived from the card by said 
analyzing means to said actuating means to cause 
the latter to enter said values in said accumulator, 
separate normally ineffective control elements 
each when rendered effective for initiating the 
operation of the devices for one of Said calcula 
tions, means for rendering one of said elements 
effective to cause the operation of the corre 
sponding devices, and means operable by the op 
eration of the last-named devices for causing 
the other element to be rendered effective to 
cause the other devices to be set in operation. 

14. In a calculating machine for effecting mul 
tiplying calculations and dividing calculations, 
the combination. With an accumulator, of con 
non actuating means therefor adapted for con 
trol from several sources, means for analyzing 
multiplier and multiplicand data on a card, de 
vices coordinated for automatic operation for 
multiplying a multiplier and multiplicand, and 
for entering the product in the accumulator 
through said actuating means and including 
means for rendering the analyzing means effec 
tive as a source of the factors in the multipli 
cation, Supplemental means for analyzing repre 
sentations of divisor and dividend Values on the 
Same card, devices coordinated for automatic op 
eration for dividing a dividend by a divisor and 
for entering the quotient in the accumulator 
through said actuating means and including 
means for rendering the Supplemental analyzing 
means effective as a Source of the amounts used 
in the division, Separate normally ineffective 
control elements each. When rendered effective 
for initiating the operation of the devices for one 
Of Said calculations, means for rendering One of 
said elements effective to cause the operation of 
the corresponding devices, and means operable 
by the completed operation of the last-named de 
vices for causing the other element to be ren 
dered effective to cause the other devices to be 
Set in Operation. 

15. In a calculating machine with means for 
analyzing the representations of a plurality of 
values on a single card, means for retaining said 
analyzing means in continued analyzing contact 
width saidi card during cross-totalizing and divid 
ing calculations, an accumulator, actuating 
means therefor adapted for control from sev 
eral Sources, cross-totalizing devices comprising 
means for successively effecting the entry of 
values derived directly from the card and for 
causing said actuating means to enter said values 
in the accumulator, devices coordinated for auto 
matic Operation for dividing a dividend by a di 
Visor and for entering the quotient in the ac 
cumulator through said actuating means and 
including means for rendering the analyzing 
means effective as a source of the amounts used 
in the division, a plurality of normally ineffective 
control elements each for initiating the opera 
tion of the devices for one of said calculations, 
means for rendering effective a control element 
related to one of said devices for initiating the 
operation of the corresponding devices, and 
means rendered operative by the completed op 
eration of said last named devices for automati 
cally rendering said other element effective to 
cause the automatic operation of the correspond. 
ing devices. 
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